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The purpose of this study was to determine the effects of a Pilates training programme 
on muscular strength and balance in ballet dancers. Fifteen ballet students were divided 
in experimental and control groups. Besides the daily technical classes, it was applied a 
Pilates training programme during 11 weeks in the experimental group. Groups were 
submitted at two moments of evaluation, before and after the programme. The muscular 
strength was evaluated through the time obtained in the maintenance of the performance 
of penché and developpé. Balance was evaluated using a Bertec force plate (4060-15). 
The migration area of the centre of pressure was calculated in the first position and in the 
attitude derriére skills. Results suggest that the Pilates training have a positive effect on 
muscular strength. No significant differences were obtained in ballet dancers’ balance. 
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INTRODUCTION: Dancers’ physical conditioning is achieved through several training 
methods, among which we highlight the Pilates method, that despite the frequent use, it has 
not been sufficiently investigated in dance performances (Bernardo & Nagle, 2006). Pilates 
training intends to improve the general muscular strength (Sekendiz et al., 2007; Rogers & 
Gibson, 2009; Kloubec, 2010) and balance (Johnson et al., 2007; Rodrigues et al., 2010). 
Concerning to physical requirements in dance, optimal levels of muscular strength and 
balance are needed and associated to remarkable performances (Welsh, 2009). Therefore 
the aim of the present study was to access the effectiveness of a Pilates training programme 
to develop the muscular strength and balance in dance students. 
 
METHODS: Fifteen ballet students (3 males and 12 female) with more than ten years of daily 
practice in classical and modern dance participated voluntarily in the study. Subjects were 
divided in experimental (n=8, 15.7±0.8 years old, 51.2±4.4 kg, 161±0.1 cm) and control 
groups (n=7, 16.3±0.9 years old, 59.3±7.8 kg, 167±0.1 cm). The subjects were fully informed 
about the purpose, procedures and risks associated with the study and gave their written 
consent after being informed. The study was approved by the Ethics Committee of the 
University. None of the dancers present, until the moment, any kind of injury that could 
influence their performances. Subjects of both groups were submitted at two moments of 
evaluation, before and after a Mat-Based Pilates Exercise. After the warm-up, which was 
individually selected by the ballet dancers, subjects were familiarized with the experimental 
procedures for data collection. The Pilates training programme begins with eight repetitions 
performed in a slowly and controlled way according to the principles of the method. One 
repetition was increased in each week, being the load stabilised in twelve repetitions until the 
end of the programme. Each section comprised basic and intermediate exercises; advanced 
exercises were added as technique and time of training progressed. The isometric muscular 
strength was evaluated in the lower limbs. The test consists in the maximal time obtained in 
the maintenance of the performance of the following technical skills: developpé (front, side 
and back, in the barre) and penché (in the center), according to the Physical Testing 
Program from the Federation Internationale de Gymnastique (2009). Balance was evaluated 
using a Bertec force plate (4060-15) with a sample frequency of 1000 Hz. After amplifying, all 
analog signals were converted to digital signals using a 16 bit A/D converter from Biopac. 
The first test consists in 30 seconds maintenance of the first position with arms in bras bas. 
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muscles contraction required by Pilates exercises, is probably de main cause for the greatest  
improvements on muscular strength in this technical skills. According to the results, students 
were capable to maintain during more time the selected technical skills, which are 
determinant for an accurate technical performance (Welsh, 2009). Regarding to balance, 
experimental group decreased significantly the values of the COP area in all parameters of 
the technical skill attitude derriére, which indicate that this group improved their balance. 
However, improvements in balance are also attended by the control group. This facts leads 
to a question: what did happen to be balance improvements in both groups? By analysing 
the usual dance classes performed by both groups, it was state that over the last four weeks 
of the study, both groups changed the stereotype and intensity of the usual dance classes, 
performing only choreographies using the point shoes. Using a point shoe, the dancer 
decreases the base of support which require a great neuromuscular and coordinative effort. 
Thus, the use of the point shoe during 4 weeks is probably the main reason for balance 
improvements stated in both groups. Previous research has produced non-uniform results 
concerning the effects of Pilates training on balance improvement (Johson et al., 2007; 
Kloubec, 2010). It has been suggested that balance may be affected by several factors 
(Duarte and Freitas, 2010). This is the probable reason for the huge results diversity of the 
present data. Nevertheless, some assumptions should be considered. It has been used in 
previous research permanency time on force plate superior a 20 seconds. In the present 
study the dancers only performed on the force plate the technical skill attitude derriére during 
5 seconds, which probably was not enough for stabilise the CP signal (Freitas and Duarte, 
2006).   
 
CONCLUSION: The present data demonstrated that Pilates training can significantly 
improve ballet dancers’ muscular strength being a promise tool to be used as a 
complementary strength training. Nevertheless the present study cannot state if Pilates 
training benefits the ballet dancers’ balance. More research should be done in this area and 
future studies should include more subjects for analysis. 
 
REFERENCES: 
Bernardo, L. & Nagle, E. (2006). Does Pilates training benefit dancers? An appraisal of Pilates 
research literature. Journal of Dance Medicine & Science, 10(1,2), 46-50. 
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Table 2 
 Balance measures (migration area of the centre of pressure – in cm2) at pre- and post-

Pilates training 
 Experimental group Control group 

 Pre-pilates 
training 

Post-pilates 
training 

Pre-pilates 
training 

Post-pilates 
training 

 x ± sd x ± sd x ± sd x ± sd 
Attitude derriérre – right limb    
Right limb 2.5 ± 0.9 0.7 ± 0.71 2.5 ± 1.0 1.0 ± 1.9 
Left limb 5.2 ± 3.4 1.3 ± 1.01 5.2 ± 3.5 1.5 ± 2.6 
Attitude derriérre – left limb    
Right limb 4.3 ± 2.1 0.5 ± 0.41 2.7 ± 1.0 0.3 ± 0.11 
Left limb 7.6 ± 3.1 2.0 ± 2.51 5.6 ± 3.8 1.2 ± 1.91 
First position (arms bras bas)    
Right limb 1.1 ± 0.5 0.9 ± 0.5 0.9 ± 0.5 0.8 ± 0.4 
1significant difference between pre- and post-Pilates training (p<0.05) 
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The second test consists in the performance of the attitude derriére with total support of the 
foot on the ground during five seconds, followed by a rise to half-toe and its maintenance 
during five seconds. The migration area of the COP was calculated using Matlab routines. 
The elliptical area of the stabilogram, was calculated through the product of the amplitudes of 
the standard deviations in the mediolateral and anteroposterior displacements of the COP.
The measurements were performed on the right and left limb. Three successful trials were 
required for each technical skill evaluated. Data were collected in a random order. Means (± 
sd) were calculated for all parameters. To compare the differences between groups at each 
moment of evaluation, it was used the Mann-Whitney test. Differences between the first and 
second moment of evaluation of each group were assessed using the Wilcoxon test. The 
level of significance was  = 0.05.

Figure 1: Technical ballet skills selected for the study: a) developpé front; b) developpé side; c) 
developpé back; d) penché; e) attitude derriére; f) first position with arms in bras bas.

RESULTS AND DISCUSSION: Significant results can be analysed in the following tables 
(Table 1 and Table 2).  
No studies had assessed the effects of Pilates programmes in the performance of ballet 
dancers; nevertheless in other samples some studies show a positive influence in strength 
capacity (Sekendiz et al., 2007; Rogers & Gibson, 2009; Kloubec, 2010). In the present study 
the participation of the ballet students in Pilates training programme for 11 weeks led’s to a 
positive influence in their performance, inducing significant changes in the initial muscular 
strength, especially in the technical skills penché and developpé back. The constant gluteal 

Table 1 
Muscular strength measures (seconds) at pre- and post-Pilates training

Experimental group Control group
Pre-pilates 
training

Post-pilates 
training

Pre-pilates 
training

Post-pilates 
training

x ± sd x ± sd x ± sd x ± sd
Penché
Right limb 25.1 ± 11.3 47.6 ± 22.31,2 24.9 ± 4.3 26.8 ± 3.2
Left limb 35.1 ± 13.4 49.4 ± 17.81,2 24.5 ± 8.1 24.4 ± 7.7
Developpé front
Right limb 12.9 ± 5.1 19.9 ± 6.21,2 14.8 ± 4.1 14.3 ± 4.2
Left limb 17.7 ± 7.1 23.9 ± 8.21,2 12.3 ± 2.7 12.4 ± 3.1
Developpé side
Right limb 15.0 ± 4.0 22.9 ± 11.01,2 14.0 ± 4.2 14.1 ± 4.6
Left limb 16.6 ± 8.9 24.7 ±6.51,2 12.5 ± 2.9 12.8 ± 2.4
Developpé back
Right limb 29.3 ± 11.9 49.0 ± 14.91,2 24.9 ± 7.4 25.0 ± 6.0
Left limb 40.9 ± 9.2 52.7 ± 12.61,2 26.9 ± 4.8 26.9 ± 5.7
1significant difference between pre- and post-Pilates training (p<0.05)
2significant difference with the control group (p<0.05)

a b c
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KINETICS OF SPRINT CYCLING WITH A BELOW-KNEE PROSTHETIC LIMB: A 
CASE STUDY OF A PARALYMPIC CHAMPION 

Paul Barratt 

English Institute of Sport, Sportcity, Gate 13, Rowsley St,  
Manchester, M11 3FF, UK 

This case describes the overall kinetics and joint kinetics of a Paralympic cyclist with a 
below-knee prosthetic limb. The cyclist performed maximal sprint cycling on an isokinetic 
ergometer. Normal and tangential crank forces were collected, and joint-specific powers 
were calculated via an inverse dynamics analysis. The cyclist produces similar crank 
power between the normal and the prosthetic limb, but the relative contribution of hip 
transfer power was larger in the prosthetic limb. 

KEYWORDS: inverse dynamics, joint power, force effectiveness. 
 

INTRODUCTION: The Paralympic Games have become one of the major events on the 
international sporting calendar with up to 4,000 participating athletes.  The current 
Paralympic cycling programme contains seven events divided into road (Road race, 
Individual time trial, Handcycling relay) and track races (Tandem sprint, Team sprint, 500 m / 
kilometre time trial, Individual pursuit).  Three of the four track races are defined as sprint 
events (<1000 m), in which cyclists adopt an "all-out" pacing strategy throughout (de Koning 
et al., 1999).  As with any sprint event, performance in these events rely on the ability of the 
athlete to accelerate strongly at the start and then to maintain a high velocity in the phase 
following the start (van Ingen Schenau et al., 1994).  For this purpose the cyclist must 
maximise the mechanical power delivered to the bicycle crank. 
The effect of a below-knee prosthetic limb on sprint cycling performance has not been 
reported in the scientific literature.  This case study reports the overall kinetics and joint 
kinetics of a cyclist with a below-knee prosthetic limb. The description of this athlete is 
noteworthy as he is a Paralympic cycling champion with personal best flying 200 m and 
kilometre time trial times within 12% and 8% of the equivalent able-bodied Olympic Records, 
respectively, and thus represents exceptional performance for a Paralympic athlete.   
 
METHODS: The cyclist (male, 65 kg) performed a short (4 sec) seated maximal sprint on an 
isokinetic ergometer (SRM, Julich, Germany).  For this, the cyclist was instructed to apply as 
much force as possible to the pedals throughout the effort.  The ergometer was set to control 
pedaling rate at 120 rpm, representing the optimal pedaling rate for maximum power in a 
normal cycling population (Martin et al., 1997). The cyclist used a rigid single-piece carbon-
fibre prosthetic limb (Ossur, Reykjavik, Iceland) which attached below the right knee joint and 
was fitted with a cleat to fasten directly to the pedal surface. The ergometer was fitted with a 
set of instrumented cranks (Axis, Swift Performance, Australia) to acquire forces (100 Hz) 
acting normal and tangential to the crank arm.  Reflective markers were placed on the pedal 
spindle, ankle joint centre (lateral malleolous), knee joint centre (femoral condyle) and hip 
joint centre (greater trochantor) of the cyclist.  For the prosthetic limb, no ankle joint marker 
was required. High speed video data were collected at 300 Hz (Casio, Model EX-F1) and 
joint markers were digitised post event (Quintic Biomechanics v.14, Quintic, Coventry, UK) to 
generate two-dimensional kinematics data.  Body segment parameter data were estimated 
using the tables in de Leva (1996) for all segments, with the exception of the prosthetic limb 
(shank) in which the mass of the limb was measured directly, and the centre of mass 
estimated as located half way along the length of the segment.  Standard link segment 
mechanics, as described in Broker and Gregor (1994), were used to calculate two-
dimensional joint moments and joint powers. For this, the normal limb was assumed to 
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