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INTRODUCTION 

Classical ballet requires a dancer to pivot during 

weight-bearing, repetitively leap, and dance en pointe and 

demipointe. In order to present the elegance, classic ballet 

dancers has to present the jumping pose with showing as less 

effort as possible along with the graceful and brisk feeling; 

after the continual jumps, dancers have to be able to find 

their balance at once, to show the audience the graceful and 

steady pose. These types of movements often contribute to 

overuse injuries of the joint. Center of pressure (COP) and 

center of mass (COM) are usually to be developed as a 

mechanism to analyze body balance. (Winter, 1995) The 

purpose of this study was to quantify and compare the 

balance and postural stability during ballet’s Arabesque 45° 

(figure 1) on dominant leg between ballet dancers with and 

without anterior knee pain, and before and after fatigue. 

METHODS 

Eighteen female college students of dance department (10 

with and 8 without anterior knee pain) voluntarily 

participated in this study. Anterior knee pain was evaluated 

by a physical therapist using pain severity scale  (Laprade, 

2002). A warm-up of ten-minute stretching was performed 

prior to the testing protocol. Each subject performed 

ballet’s Arabesque on dominant leg (figure 1) for 12 

seconds before and after ballet’s simple ground échappé for 

twenty sets (figure 2). 

 

 

 

 

 

 

 

 

 

Figure 1 Ballet’s Arabesque 45° 

 

 

 

 

 

 

 

 

 

Figure 2 Ballet’s simple ground échappé 

 

 

The leaping pace was controlled by a metronome (75 

times/minute). The movement data were collected with ten 

Eagle cameras at 200 Hz sampling rate which were 

positioned around the performance area. Reflective markers 

were placed in a modified Helen Hayes configuration to 

identify the segment motion. Cameras were synchronized to 

one force platform which sampling rate was 2000 Hz. Both 

kinematic and kinetic data were recorded in EVaRT 

software.  

 

The displacement, velocity, acceleration, area of the COP 

(figure 3), and the area of COM were calculated during 

10-second centered of ballet’s Arabesque 45°. The 2×2 

two-way mixed ANOVAs (with and without anterior knee 

pain × before and after fatigue) were performed with alpha 

level of 0.05. 

 

 
 

 

 

 

RESULTS AND DISCUSSION 

There were no significant differences between dancers 

before and after fatigue in ballet’s Arabesque 45° on 

displacement, velocity, acceleration, area of the COP, and 

the area of COM (all p>.05).(table 1) 

Anterior knee pain is commonly seen in ballet dancers. 

Ballet dancers require good balance ability to maintain the 

postural stability after a series of jump (fatigue). Although 

anterior knee pain and muscle fatigue were not shown to 

mediate dancers’ balance and postural stability, we should 

further explore if the balance strategy of the 

muscular-skeletal mechanism for control of postural 

stability was influenced by knee pain and fatigue. 

 

CONCLUSIONS 

Balance and postural stability during ballet’s Arabesque 

were not influenced by anterior knee pain and muscle 

fatigue.  

Figure 3 COPxy scatterplot 
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Table 1: COP-COM variables between ballet dancers with and without anterior 

knee pain, and before and after fatigue in ballet’s Arabesque 45° 

 

  Before fatigue After fatigue 

 

Without 

Knee Pain 

COP displacement (m) .015±.005 .014±.004 

COP velocity (m/s) .013±.001 .013±.001 

COP acceleration(m/s
2
) 0.18±.044 .197±.058 

COP area (cm
2
) 48.11±22.67 40.54±8.42 

COM area(cm
2
) 16.96±7.25 14.42±4.59 

 

With  

Knee Pain 

 

COP displacement (m) .013±.003 .014±.004 

COP velocity (m/s) .013±.002 .013±.003 

COP acceleration(m/s
2
) 0.21±0.18 0.17±.043 

COP area (cm
2
) 39.46±10.84 54.31±40.15 

COM area(cm
2
) 15.69±5.79 18.45±8.84 

COP= center of pressure. COM= center of mass. 

 


