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Comparative Analysis of Force-Velocity Profile in Female Ballet Dancers 1 

Abstract 2 

Jumping ability has been identified as one of the best predictor of dance performance. Latest 3 

findings in strength and conditioning suggest that the relationship between the force and 4 

velocity mechanical capabilities, known as Force-Velocity profile, is a relevant parameter for 5 

the assessment of jumping ability. In addition, previous investigations have reported the 6 

existence of an optimal Force-Velocity profile for each individual that maximizes jump 7 

performance. Having in consideration the presence of ballistic actions in ballet (i.e. jump or 8 

change of directions), the quantification of the mechanical variables of the Force-Velocity 9 

profile could be beneficial for dancers, due to the individual needs and the specific training 10 

prescription that can result in either maximal force or velocity capabilities improvement. The 11 

aim of this study is to compare the mechanical variables of the Force-Velocity profile during 12 

jumping within different company positions in ballet dancers. Eighty-seven female ballet 13 

dancers (age= 18.94±1.32 years, height= 164.41±8.20 cm, weight= 56.3±5.86 Kg) showed 14 

high Force deficit (>40%) and low Force deficit (10-40%) regardless of their company 15 

position; artists (FVIMB= 42.28±13.33%; F0= 25.13±1.72 N/kg; V0= 3.36±0.68m/s; Pmax= 16 

20.93±3.22 W/kg), first artists (F-VIMB= 47.37±14.08%; F0= 25.03±2.43 N/kg; V0= 17 

3.80±0.73m/s; Pmax= 23.45±2.95 W/kg) and soloists (FVIMB= 50.78±11.34%; F0= 25.87±1.66 18 

N/kg; V0= 4.24±0.79m/s; Pmax= 27.29±4.55 W/kg). Our results suggest that dance training 19 

mainly develop velocity capabilities and due to the high amount of dramatic elevations that 20 

dance require, additional individualised Force training may be beneficial for dancers. The 21 

individualization of training programs according to the direction of the current imbalance of 22 

each individual, regardless of their position, could be a beneficial methodology for dancers and 23 

teachers to improve jump and dance performance. 24 
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Introduction 3 

Due to the self-perception that dancers are more of an artist than athlete, dance sessions 4 

are aimed to skill acquisition and precise technique from early stages 1,2. However, dancers are 5 

required to achieve performance feats such as exciting and dramatic elevations as jumps 3. 6 

Jumping ability has been identified as an integral part of ballet 4 and for some authors, as one 7 

of the best predictors of dance performance 5. Those dancers who are able to jump higher, will 8 

be able to implement a greater range of skills to improve the aesthetic component of a dance 9 

choreography 5. 10 

Preceding investigations have shown that jump height in dance can be affected by 11 

different factors such as muscle mass 6,7, flexibility, isometric muscle strength, age, height, 12 

weight 8, level of expertise 9, gender or company position 4. Most of the ballet training sessions 13 

require complex controlled movements of precision that involve both artistic and aesthetic 14 

elements, followed by ballistic actions (jumps, change of directions, accelerations, etc.). These 15 

skills require high measures of strength and power 10–12. Therefore, sessions aiming to improve 16 

jump height and power output of the lower limbs have been suggested as an important part of 17 

any dance performance 13–15. 18 

In recent years, findings surrounding ballistic actions highlight that jump performance is 19 

significantly determined by the maximal power output of the lower limbs 16 and the relationship 20 

between the force (F) and velocity (V) mechanical capabilities. This relationship is known as 21 

Force-Velocity (F-V) profile during jumping performance 17–19. Previous findings have 22 

confirmed that different combinations of F and V (Pmax = F0 · V0 / 4) can result in the same 23 

Pmax, although the same value of Pmax do not result in the same jump performance (Jump height) 24 
20. Interestingly, it has been suggested the existence of an optimal F-V relationship for each 25 

individual that maximizes jump performance for the same value of Pmax 17–19. Previous studies 26 
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have reported lack of change, or even a decrease in jumping performance after training plans 1 

specifically aimed to improve Pmax, due to a detrimental increase of the imbalance between F 2 

and V during jumping 21. Therefore, for the improvement of jump performance is required the 3 

quantification of both, the actual and optimal F-V profile, which provide information about the 4 

individual needs of each athlete 18,21,22. The actual F-V profile is determined by a validated 5 

field method, based on the linear relationship of Force and Velocity values obtained during a 6 

simple test, while the optimal F-V profile can be computed using an equation based on a 7 

biomechanical model 18,23–27. Series of loaded vertical jumps with the loads corresponding to 8 

the 0%, 10%, 20%, 30%, 40%, 50% and 70% of the participant’s body weight, provide the 9 

information related to theoretical maximal force (F0), theoretical maximal velocity (V0), slope 10 

of the F-V relationship (F-Vslope) and the theoretical maximal power (Pmax) 17–19,21,22,26,28,29. 11 

Those variables determine the mechanical limitations of the neuromuscular system involved in 12 

jumping performance to produce force, velocity and power 20. The difference between actual 13 

and optimal F-V profile for each individual represents the magnitude and the direction of the 14 

imbalance between force and velocity qualities (F-VIMB), which makes possible the individual 15 

determination of force or velocity deficit. 16 

Optimal F-V profiling has been related to jump performance among world class athletes 17 

(cycling, fencing, taekwondo, athletic sprinting) 27, rugby league 30, sprinting and jumping 31, 18 

volleyball 32, female elite soccer players 33 and specific positions as football goalkeepers 34. 19 

Moreover, a previous study designed a F-VIMB category, according to the magnitude and 20 

direction of the imbalance. This classification also provides recommendations for the design 21 

of trainings aimed to reduce the F-V deficit. The results of this investigation suggests that 22 

training programs aimed to reduce the actual F-V deficit, are more efficient at improving 23 

jumping performance than a traditional resistance training common to all individuals regardless 24 

of their actual and optimal F-V profile 21. 25 

Investigations about the F-V profile appear sparse within dancers. Having in 26 

consideration the presence of ballistic actions in dance (i.e. jump or change of directions) 10–12, 27 

the quantification of F-VIMB could be beneficial in this population, due to the individual needs 28 

and the specific training prescription that can result in either maximal force or velocity 29 

capabilities improvement. To our knowledge this is the first study analyzing F-V profile during 30 

jumping according to company position in ballet dancers. Due to the number of hours that 31 

dance require for rehearsal performance, this study may provide a more detailed information 32 
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about the F-V properties and such information may be useful for the design of individualised 1 

training programs addressing the F-VIMB to improve jump performance, especially in terms of 2 

time-efficiency 21. 3 

The purpose of this study is, to compare the magnitude and direction of the mechanical 4 

variables of the F-V profile during jumping, within different company positions in female ballet 5 

dancers. Previous investigations have reported that female dancers seems to have insufficient 6 

resistance strength training in their weekly routine, besides a high amount of training hours 7 

mainly aimed to the repetition of technical skills 4,35,36. In addition to this, significant 8 

differences have been found in jump height according to different company positions, although 9 

no significant differences were found in the total number and type of supplemental training 10 

hours 4. These findings, may lead us to hypothesise that ballet dancers will show a F-V profile 11 

towards velocity capabilities regardless their rank position. 12 

Material and methods 13 

Participants 14 

Eighty seven professional female ballet dancers (age= 18.94±1.32 years, height= 15 

164.41±8.20 cm, weight= 56.3±5.86 Kg) representing 3 different dance companies, 16 

participated in this study divided by their company position (Artist = 41; First Artist = 30; 17 

Soloist = 16). Each dancer had a minimum of 6 years’ experience (9±2.6 years of experience) 18 

and all of them were exclusively involved in classical ballet training in the last 4 years. Number 19 

of hours per week aimed to choreographic rehearsal and supplemental training are detailed in 20 

Table 1. This study was approved by ethics board at South Essex College in agreement with 21 

the Declaration of Helsinki, all participants were informed of the benefits and risks of the 22 

research by way of a structured consent form and PAR-Q. 23 

Training hours per 
week 

Artist 
(n=41) 

First Artist 
(n=30) 

Soloist 
(n=16) 

P-Value 
(0.05*) 

Rehearsal 17.1±2 17±1.8 17.3±1.7 0.45 
Technique 6±1 6.1±1.2 6.3±0.9 0.86 
Pilates 2±0.6 2.2±0.4 2.3±0.2 0.12 
Gyrokinesis 2.1±0.6 2.2±0.3 2.5±0.5 0.27 
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Gyrotonic 1.6±0.4 1.7±0.2 1.5±0.5 0.32 
Cardiovascular 2.5±0.4 2.5±0.5 2.5±0.5 0.88 
Resistance (Weights) 1±0.0 1±0.0 1±0.0 0.97 
Total 31.2±3.1 31.7±2.8 32.7±2 0.052 

Table 1: Mean ± SD hours of rehearsal and training type, grouped by company position. 1 

Methods 2 

Weight (kg), height (cm), measures for lower-limbs length (cm) in fully extended 3 

position from iliac crest to toes with plantar flexed ankle and the starting height in 90° squat 4 

from iliac crest to ground vertical distance (see Figure 1), were measured prior to any physical 5 

testing on the morning of the study. Body weight was measured using a Tanita SC-330, (Tanita 6 

Corp., Japan). Height was estimated with an aluminum stadiometer (Seca 713 model, Postfach, 7 

Germany) and the lower limb length and starting height at 90°, were measured using a tape 8 

measure 18,19. Two days prior testing, all the participants undertook a familiarization session 9 

consisting in a standardized warm up of 10 minutes of jogging, dynamic stretching and 2 10 

repetitions of countermovement jumps (CMJ) with the loads corresponding to 0%, 10%, 20%, 11 

40% and 50% of their own body weight with 2 min of recovery between trials. The CMJ were 12 

performed in a randomized order and using an Olympic barbell (CMJ without any extra load 13 

were performed with hands on their hips). Participants were instructed to jump as high as 14 

possible for each CMJ, starting from a static standing position and with their legs straight 15 

during the flight stage of the jump. The landing was performed simultaneously with either feet 16 

keeping ankle dorsiflexion 37. During the performance of each CMJ two observers (one 17 

observer in each side of the participant) were providing verbal feedback about the starting 18 

height in 90°. 19 
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 1 

Figure 1: Measures for lower-limbs length in fully extended position from iliac crest to toes 2 

with plantar flexed ankle (A) and the starting height in 90° squat from iliac crest to ground 3 

vertical distance (B). Jumping task for obtaining the mechanical variables for the F-V profile 4 

(C). 5 

The required measurements to determine the optimal F-V profile during jumping 6 

performance are athlete’s body mass, jump height and push-off distance (Hpo): measured by 7 

the difference between the lower-limbs length in fully extended position and the starting height 8 

at 90° 17,18,25. At the beginning of the testing session, dancers performed a standardized warm 9 

up of 10 minutes of jogging, dynamic stretching and preparatory 3 CMJ (0% body weight) with 10 

2 min of recovery between trials and 5 between sets. Participants followed the same protocol 11 

explained in the familiarization session for performing CMJ 37. During both, the familiarization 12 

and testing session all the participants wore dancing slippers. To calculate the actual F-V 13 

profile, each dancer performed 3 vertical maximal CMJ with the loads corresponding to the 14 

0%, 10%, 20%, 30%, 40%, 50% and 70% of their own body weight in a randomized order, 15 

using an Olympic barbell and with 2 min of recovery between trials and 4 min between loads 16 

condition to avoid fatigue effect 18,38 (see Figure 1). The highest score of the 3 attempts for 17 

each load was selected for the F-V profile analysis and the 70% body weight load was included 18 

to determine that the participants were able to jump about 10cm (8.48±1.02cm), as it has been 19 

recommended in the literature 19. 20 
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Jump height and the F-V profile were measured using a smartphone app (My Jump 2) on 1 

an iPad device which featured a camera frame rate of 240fps 39. My Jump 2 provides the 2 

information with regards to the magnitude and direction of the imbalance for each dancer (F-3 

VIMB), theoretical maximal force (F0), theoretical maximal velocity (V0) and the theoretical 4 

maximal power (Pmax), according to Samozino's method 17–19,29,38 . 5 

All data are presented as mean ± SD with IBM SPSS 24 software. Differences within the 6 

three different rank positions were assessed using Kruskall Wallis test (with Mann-Whitney 7 

post hoc test) and one way ANOVA (Tukey post hoc test) according to the normal distribution 8 

of each variable presented in table 1 and table 2, with a level of significance of p≤0.05. 9 

Results 10 

No significant differences were found in the number of hours per week aimed to 11 

choreographic rehearsal and supplemental training (See table 1), between the different 12 

company positions. 13 

Values for all descriptive, performance and mechanical variables are shown for all groups 14 

in Table 2. Each group of the study was subgrouped according to the magnitude of the F-VIMB 15 

as follow: Well-Balanced<10%, Low Force-Velocity Deficit 40-10% and High Force-Velocity 16 

Deficit >40% 21. 17 

 Ballet Dancers 

n=87 

Artist 

n=41 

First Artist 

n=30 

Soloist 

n=16 

P-Value 

(0.05*) 

      

CMJ (cm) 28.29±3.42 26.10±2.09 28.41±1.9 33.68±2.08 0.01*       

F-VIMB (%) 45.60±13.54 42.28±13.33 47.37±14.08 50.78±11.34 0.06       
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F0 (N/kg) 25.23±1.99 25.13±1.72 25.03±2.43 25.87±1.66 0.61       

V0 (m/s) 3.67±0.78 3.36±0.68 3.80±0.73 4.24±0.79 0.01*       

Pmax (W/kg) 22.97±4.11 20.93±3.22 23.45±2.95 27.29±4.55 0.01*       

Table 2: Mean ± SD values for descriptive, performance and mechanical variables for all the 1 

participants and grouped by company position. The presented variables are defined as counter 2 

movement jump (CMJ), difference between the magnitude of the actual and optimal F-V profile 3 

for each individual (F-VIMB); theoretical maximal force (F0), theoretical maximal velocity (V0), 4 

theoretical maximal power (Pmax) 19. 5 

Of the eighty seven dancers, all of them (n=87) showed force deficit (45.60±13.54%). 6 

The participants displayed a CMJ height of 28.29±3.42cm, while the values regarding the F-V 7 

profile in F0 are 25.23±1.99N/Kg, V0 3.67±0.78m/s, Pmax 22.97±4.11W/Kg and F-VIMB 8 

45.60±13.54%. 9 

Fifty seven dancers presented high force deficit (HFD= 54.08±9.13%) while thirty three 10 

of them display low force deficit (LFD= 31.71±5.85). High and low force deficits were found 11 

within the dancers for each company positions; artist (HFD n=22; HLD n=19), first artists 12 

(HFD n=20; LFD n=10) and soloists (HFD n=12; LFD n=4). See Table 2. 13 

Post hoc test showed significant diferences between the 3 groups in CMJ. Soloists 14 

displayed the highest CMJ height (33.68±2.08cm), followed by the first artists (28.41±1.9cm) 15 

and artists (26.10±2.09cm). No significant differences were found for F-VIMB (p=0.06) and F0 16 

(p=0.61). In regards to the V0, significant differences were found between artists 17 

(3.36±0.68m/s) against first artists (3.80±0.73m/s). And moreover, between artists 18 

(3.36±0.68m/s) against soloists (4.24±0.79m/s). On the other hand, significant differences were 19 

found for Pmax within the 3 company positions: artists vs first artists (20.93±3.22W/kg vs 20 



 9 

23.45±2.95W/kg), artists vs soloists (20.93±3.22W/kg vs 27.29±4.55W/kg) and first artists vs 1 

soloists (23.45±2.95W/kg vs 27.29±4.55W/kg). 2 

 3 

 4 
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Total number of participants Artist First Artist Soloist 

High Deficit Low Deficit High Deficit Low Deficit High Deficit Low Deficit High Deficit Low Deficit 

n=54 n=33 n=22 n=19 n=20 n=10 n=12 n=4 

Age 
(Years) 

18.78±1.28 19.21±1.34 18.55±1.22 19.37±1.42 19±1.37 19.30±1.33 18.83±1.26 18.25±0.5 

Weight (Kg) 55.05±6 58.34±5.05 51.72±3.26 56.58±4.59 54.84±5.06 60.57±3.67 61.533±6.41 61.12±7.7 

Fat Percentage 
(%) 16.16±1.86 16.55±1.78 16.71±1.43 17.26±1.37 16.39±1.91 16.28±1.25 14.78±1.93 13.9±2.27 

Height 
(cm) 

164.05±9.30 165±6.06 158.13±4.29 162.73±5.56 163.5±5.79 166.2±4.34 175.83±10.09 172.75±5.73 

CMJ 
(cm) 

28.91±3.62 27.29±2.83 26.39±1.89 25.78±2.32 28.5±2.17 28.24±1.31 34.22±2.14 32.06±0.35 

Force (new/kg) 24.39±1.94 26.61±1.12 24.21±1.92 26.19±0.32 23.96±2.08 27.18±1.48 25.44±1.41 27.16±1.91 

Velocity (m/s) 4.11±0.67 2.96±0.28 3.83±0.59 2.82±0.22 4.16±0.63 3.08±0.22 4.53±0.7 3.37±0.05 

Pmax (W/kg) 24.93±3.75 19.76±2.24 23.04±2.74 18.49±1.63 24.72±2.68 20.89±1.41 28.75±4.23 22.91±1.95 

F-VIMB (%) 54.08±9.13 31.71±5.85 52.58±8.72 30.35±5.13 55.04±9.66 32.04±7.08 55.25±9.37 37.38±1.32 
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Table 3: Mean ± SD values for descriptive, performance and mechanical variables for the total number of participants grouped by their F-Vimb 

and mean ± SD values for descriptive, performance and mechanical variables for all the ballet dancers grouped by their company position and 

sub-grouped by their F-Vimb.
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 6 

Figure 2 and 3: Actual and Optimal F-V profile for Artists and First Artist. Values presented 7 

as mean ± SD 8 

 9 
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Figure 4: Actual and Optimal F-V profile for Soloist. Values presented as mean ± SD. 11 
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Discussion 13 

The aim of this study was to compare the magnitude and direction of the mechanical 14 

variables of the F-V profile during jumping, within different company positions in female ballet 15 

dancers. Such information could potentially be used to prescribe individualized training 16 

programs based on the magnitude and direction of the F-V deficit 21. As it was hypothesised, 17 

the results of this investigation suggest that professional female ballet dancers are velocity 18 

orientated in terms of F-V profiling during jumping performance, regardless of their company 19 

position. Although all of them show the same direction in their F-VIMB, variances in the 20 

magnitude within groups are reported and dancers with HFD and LFD can be found in artist 21 

(HFD n=22; LFD n=19), first artists (HFD n=20; LFD n=10) and soloists (HFD n=12; LFD 22 

n=4). Based on the results of this study, F-V imbalance is an important parameter to consider 23 

for ballet dancers in assessing jumping ability, as previous research has pointed toward gender, 24 

company position and  anthropometric factors 4. The obtained results are in line with the actions 25 

that dance performance require, such as repeat technical and choreographic skills involving 26 

both artistic and aesthetic elements, ballistic actions (changing directions or vertical and 27 

horizontal jumps), high amount of stretch-shortening cycle actions and repeated plyometric 28 

exercises with minimal foot support 10–12. In addition to insufficient amount of resistance 29 

training sessions aimed to improve force capabilities and decrease the F-VIMB 4,35,36, as it can 30 

be observed in the table 1. 31 

In regards of the jump height, our results show variances within the different company 32 

positions. Wyon associates, found that soloists and first artists have significantly greater jump 33 

height compared to principals and artists, although no significant differences were found in the 34 

total number and type of supplemental training hours, which is probably due to the different 35 

choreographic demands 4. Previous investigations, suggested that female dancers do not 36 



 

14 

14 

incorporate a sufficient number of sessions designed to develop strength in their weekly routine 37 

4,35,36. It is relevant to notice that the studies carried out so far did not take into account the 38 

influence of the F-V profile for the assessment of jumping ability. The aforementioned, could 39 

explain the magnitude and direction obtained in the dancers that have been part of this study. 40 

Moreover and in relation to the findings by Harley and colleagues, suggesting that although 41 

female dancers have greater quadriceps muscle strength than physically active participants, they 42 

do not jump significantly higher 8, our results propose that this may be explained by the 43 

magnitude of the F-VIMB. Previous findings reported that training plans aimed to improve Pmax 44 

while increasing F-VIMB could result in a lack of change, or even a decrease in jumping 45 

performance 21. As it has been highlighted in previous investigations, the same Pmax can be 46 

achieved from different combinations of F0 and V0 (Pmax = F0 · V0 / 4) 20, the fact that all the 47 

participants (n=87) showed F deficit regardless of their company position, may lead to conclude 48 

that dance training predominantly develop velocity capabilities and training plans should be 49 

designed according to the magnitude and direction of F-VIMB. According to the literature 50 

surrounding dance training, dancers must use different elements of fitness during their training 51 

weekly routine, including sessions focused on their power output 13. Having in consideration 52 

the F deficit of our participants and the ballistic actions that dance performance required, 53 

supplementary strength training based on the reduction of the actual deficit and not only 54 

increasing Pmax of the lower limbs, could potentially result in an increase of jump height and 55 

performance for dancers 21. Based on the results of this study, dancers should increase the 56 

generation of  Pmax during jumping while decreasing F-VIMB, therefore the main priority for 57 

them should be the enhancement of force capabilities (F0). The use of strength training aimed 58 

to increase maximal force capabilities with loads corresponding to 70-90% of 1 repetition 59 

maximum (1RM) could be beneficial, according to previous studies based on this methodology 60 

17,21. Dancers with HFD would focus more in the development of strength (e.g.: Back squat, 61 



 

15 

15 

Leg press, deadlift, etc.) and strength-power (e.g.: clean pull, deadlift, loaded squat jumps, etc.) 62 

while dancers with LFD would need a more balanced training plan between strength, strength-63 

power and power (e.g.: loaded single leg CMJ, clean pull jump, etc.) single training loads 21. 64 

In comparison to previous F-V profiling studies, a previous investigation with 7 65 

professional male rugby league players show a F-V profile towards force capabilities. This 66 

direction can be explained by the force and resistance training programs that rugby players 67 

usually followed in their daily routine 24. On the other hand and on the same line that our results, 68 

a study conducted with 54 trained male athletes (sprinters and jumpers) showed a high 69 

homogeneity in the F-VIMB toward velocity qualities (43.7±16.11% vs 45.60±13.54%), due to 70 

the ballistic performance (horizontal jumps or sprints) of their sport activities and consequently 71 

the design of their training programs, leading the athletes to develop more velocity than force 72 

qualities. Athletes presented higher F0 (38±4.92N/kg), V0 (4.58±0.81m/s), Pmax 73 

(42.9±5.64W/kg) and CMJ height values (51±5cm) than ballet dancers (F0=25.23±1.99N/kg, 74 

V0=3.67±0.78m/s, CMJ= 28.29±3.42cm, Pmax= 22.97±4.11W/kg) 23. In the same line, a cohort 75 

study with 95 male and female elite athletes found that taekwondo and fencing practitioners 76 

showed to be velocity oriented, while cyclists and athletic sprinters presented force orientated 77 

profiles. Female cyclist (F0= 36±4.4 N/kg; V0= 2.38±0.34m/s; Pmax = 21.2±2.7 W/kg; F-VIMB= 78 

7%), athletic sprinters (F0= 36±4.1 N/kg; V0= 2.70±0.22m/s; Pmax= 24.3±4 W/kg; F-VIMB= 79 

2%), fencing (F0= 27.4±3.2 N/kg; V0= 3.03±0.34m/s; Pmax= 20.8±3.1 W/kg; F-VIMB= 25%) and 80 

taekwondo practitioners (F0= 31.8±3.5 N/kg; V= 2.87±0.25m/s; Pmax= 18.2±2.5 W/kg; F-VIMB 81 

= 12%) showed higher force, lower velocity and F-VIMB values than ballet dancers (F0= 82 

31.8±3.5 N/kg, V0= 2.87±0.78m/s, Pmax= 22.97±4.11 W/kg; F-VIMB= 45.60±13.54%), while 83 

dancers display greater Pmax, except than athletic sprinters 27. 84 

Previous investigations have also reported F-VIMB toward velocity qualities in elite 85 

female soccer players (F-VIMB=64.5 ± 16.3 %, F0=33.52 ± 3.61 N/kg, V0=3.35 ± 0.59 m/s and 86 
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Pmax=27.77 ± 3.79 W/kg) 33, football goalkeepers from 4th French division (F-VIMB=29.4 ± 17.8  87 

%, F0=34.3 ± 5.9 N/kg, V0=3.2 ± 0.6 m/s) 34 and the majority of seventy three male and females 88 

young elite, professional and male professional volleyball players (F-VIMB from 37 % to 34 %, 89 

) 32. The amount of ballistic actions (change of direction, sprinting or jumping quickly) that 90 

goalkeepers and volleyball players require may explain the predominance of velocity qualities. 91 

The are several limitations of this study to be discussed. Although this study provides the 92 

information regarding the F-V profile of a relevant number of participants (n=87), it is 93 

important to notice that all the participants are female and there is not homogeneity between 94 

the size groups corresponding to the 3 different positions (artist=41, first  artist=30 and 95 

soloist=16). It would be interesting the inclusion of male dancers, as well as participants of 96 

different company positions not incorporated in this investigation due to the availability and 97 

professional commitment, such as first soloists, principal character artists and principals. The 98 

different choreographic demands, besides the followed training programs for the 99 

aforementioned positions, could influence the values in the mechanical properties that 100 

determine the F-V profile and jump height for male and female dancers 4,5. 101 

As a summary, our results provide a reference about the F-V profile within different 102 

company positions in ballet dancers. This study show that dancers are velocity oriented and 103 

suggest that the deficit of force capabilities may be negatively affecting the jumping ability of 104 

dancers 8,21. It also support previous findings suggesting that jump height is specific to company 105 

position or anthropometric factors 4, although for the improvement of this ability we suggest 106 

the prescription of training plans according to their F-V imbalance, due to the individual view 107 

of each athlete. The presence of participants with high force deficit and low force deficit in each 108 

group, suggest that regardless of their rank position the evaluation of the actual F-V imbalance 109 

is an important parameter for assessing jump ability 19,21, due to the high amount of ballistic 110 

actions that require this artistic discipline 10–12. Having in consideration the aforementioned, 111 
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future studies should look into the effectiveness of an individualized training program based on 112 

F-V profiling during jump performance in ballet dancers (work in progress). 113 

This study may pave the way to prescribe dancers in Force deficit resistance training, 114 

aiming to reduce their imbalance to improve jump height, power output and strength. The 115 

suggested optimization is based on previous findings, reporting that an individualized training 116 

on force-velocity profiling is more beneficial in terms of time-efficiency than a traditional 117 

resistance training common to all individuals, regardless of their actual and optimal F-V profile 118 

21. The application of this methodology in dance, may be useful and of great interest for ballet 119 

masters and practitioners of this artistic modality. 120 

Conclusion 121 

This study provides a comparison about the optimal force and velocity profile within 122 

different positions in female ballet dancers. Our results show that dancers are velocity oriented 123 

in terms of F-V profile during jumping, regardless of their rank position. Therefore, the 124 

individualization of a training programs to improve ballistic actions in dancers should be 125 

according to their F-VIMB. The individual approach for each athlete that this methodology 126 

provides, may be beneficial for ballet dancers 19,21. The design of the present study may be 127 

useful for teachers, coaches and instructors to estimate the optimal F-V profile of their athletes 128 

during jump performance, using a valid and reliable app for smartphone to individualize and 129 

prescribe training programs. 130 
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