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ABSTRACT

Chatzopoulos D. T Effects of Ballet Training on Proprioception, Balance, and Rhythmic Synchronization of Young Children. JEPonline 2019;22(2):26-37. Proprioception, balance, and rhythm are crucial factors for children’s motor development and the reduction of fall-related injuries. The purpose of this study was to evaluate the effects of ballet training on these abilities in 7-yr old girls. The Treatment Group consisted of 21 girls who took part in a 3- month ballet training that consisted of 45 min∙session-1, 2 times∙wk-1, while the Control Group (18 girls) participated in regular physical education classes. Prior to and after the intervention, the subjects were assessed for proprioception (Angle Reproduction Test), balancing on one foot, and rhythmic synchronization at 120 and 80 beats∙min-1. The findings indicate that the Treatment Group did significantly better on proprioception, peak-to-peak amplitude of center of pressure (CoP) in the mediolateral direction, and rhythmic synchronization at 80 beats∙min-1. It may be concluded that ballet constitutes an effective activity for the development of young children’s proprioception, balance, and rhythmic synchronization.
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INTRODUCTION
Proprioception is defined as the sense of limb position and movement in space. It is essential for the successful execution of daily activities and injury prevention 9()
. A number of studies demonstrated that proprioception of adolescents and adult athletes can be improved with training programs where the main components are balance, agility, and strength training 8()
. However, these programs are unattractive to young children as they include repetitions of boring and heavily structured exercises. As a consequence, young children do not participate in them with the required enthusiasm 29()
.

Ballet is an enjoyable activity which maintains the interest of young children, and especially of young girls, for a regular participation in dance classes 20()
. Furthermore, the performance of aesthetic ballet steps depends heavily on the sense of body position and movement 1()
. One may infer that ballet is an enjoyable activity promoting proprioception and, indeed, a number of studies have reported that professional dancers show better proprioception than non-dancers 
 ADDIN EN.CITE 
(12,15,18,23)
. However, these cross sectional studies report only differences between dancers and non-dancers and do not examine a cause and effect link. That is, the better proprioception of dancers could have been inherently determined and the result of the selection process by experienced instructors.

A sensitive (or critical) period is a phase in development when speciﬁc training produces long lasting changes in brain structure and motor performance 16()
. A number of studies demonstrated that proprioception improves dramatically between the ages of 5 and 8 yrs with only minor improvements occurring during adolescence and adulthood 6()
. Since the sensitive period of proprioception seems to be between 5 and 8 yrs of age, the examination of ballet training effects on proprioception would be suitable to be conducted in a sample of corresponding ages. Therefore, the first aim of the present study was to examine the effects of ballet training on the proprioception of young children.

The content of traditional balance training includes strength and balance exercises with specific a number of sets and durations 7()
. However, although traditional balance training is beneficial in adolescents and adults 21()
, it does not have the same potential to promote postural control in young children 7()
. Granacher et al. (7)
, attributed their no significant results to the lack of children’s motivation in executing highly structured exercises. Unlike adults, young children are not willing to participate in corresponding training settings since they find them boring 28()
.

Every position and step in ballet requires postural control (e.g., dancing on the balls of the feet), ballet training could be an alternative way to improve balance. The uniqueness of ballet training compared to traditional balance training is that it offers children the opportunity to express themselves by moving in synchrony to the music, which is very appealing to them 19()
. Furthermore, contemporary ballet training uses creative teaching methods and gives emphasis on quality of movement and not on the number of repetitions that further increases the motivation of young children 31()
. Thus, the examination of ballet training effects on children’s balance was the second purpose of the present study.

Rhythmic synchronization refers to the coordination of movement to music. It is an integral part of ballet. A number of studies have reported that professional ballet dancers demonstrate better rhythm than untrained controls 13(,30)
. These studies are similar to respective studies with proprioception in that they do not measure the effects of ballet on rhythm, as differences may be merely due to selection processes and inherently determined.

The purpose of the present study was to examine the impact of ballet training on novice young girls’ proprioception, balance, and rhythm. These abilities are crucial factors for the execution of daily activities and injury prevention 8()
 and, consequently, it is important to find age appropriate approaches to improve them.

METHODS
Subjects

The subjects of this study were 39 girls who came from two primary schools. One school was randomly assigned to either the Treatment (or intervention) Group or the Control Group. The Treatment Group consisted of 21 girls (age 6.95 ± .60 yrs, body mass 26.08 ± 4.42 kg, and height 123.75 ± 5.43 cm). The Control Group consisted of 18 girls (age 6.94 ±. 41 yrs, body mass 25.91 ± 4.38 kg, and height 124.47 ± 7.31 cm).

The study was conducted in accordance with the ethical guidelines of the local University and all procedures followed the latest version of the declaration of Helsinki. Informed consent was obtained from the guardians of the subjects, and they could withdraw from the study at any time. The subjects were free of acute musculoskeletal injuries, did not have any previous dance or sport training, and had no diagnosed learning disabilities. 

Procedures

The Treatment Group was taught by a physical education (PE) teacher who was also a certified ballet instructor. The subjects in the Control Group were taught by their regular PE teacher. The Treatment Group followed a 3-month ballet course that consisted of 45 min∙session-1, 2 times∙wk-1. The structure of the ballet lessons was based on the format of a classical ballet class as follows 14()
:

· Warm-up (included aerobic activity games and stretching).

· Barre exercises.

· Center exercises, which included: (a) Adagio (slow movements), (b) Pirouettes (“spin”, turning around on the balls of one feet), and (c) Petit sautés (small jumps) and petit allegro (fast movements, jumps).

· En diagonal (movements in a diagonal direction).

· Cool-down.

The ballet techniques taught in the Treatment Group were:

· Relevé: Βalance on the balls of the feet.

· Plies: Knees bend and straighten. Demi-plié (half bend) and grand plié (deep bend).

· Battements: Extension of the leg to the front, back or side. Tendu, jete, frappe, fondu, grand battement (large) and petit battement (small). 

· Ront de jambe: One leg makes circular movements while connected to the ground.

· Grand rond de jambe: One leg makes circular movements without contact to the ground.

· Soutee: Jumps into the air.

Pirouette is when the subjects pick up one leg and spins, while on the forward ball of one foot. In order to increase the children’s motivation, different levels of difﬁculty were provided for each exercise. The subjects were also allowed to make their own choices on how to manage a given task. In addition, emphasis was given on personal improvement and positive instructional feedback was provided. The subjects of the Control Group attended their regular PE lessons during the 12-wk intervention period and were taught fundamental movement skills.

Proprioception Measurement

The Angle Reproduction Test has been shown to be a valid and reliable measurement of joint position sense 5()
. The apparatus includes a platform placed on the floor and a paddle that can rotate in either direction like the hand of a clock (Figure 1). The subject lies on the side, the lateral epicondyle of the femur is positioned in the rotatory axis of the paddle, and the limb is fixed with straps. With this arrangement, visual control of the leg on the paddle is eliminated. The axis of an electro-goniometer was placed on the rotation point of the paddle (0.02° accuracy, www.vernier.com). The angle was visualized on a monitor as a numerical angle (in degrees) and recorded with a sampling frequency of 100 Hz. 
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Figure. 1. The Proprioception Test. The person is a model who did not participate in the study.

The measurements were performed towards knee-flexion and extension from two starting positions: 30° (knee-flexion) and 60° (knee-extension). In the knee-flexion measurement, the starting position of the knee was 30° (Figure 1). The investigator flexed the leg up to the final position of 60° at a speed of ~10°∙s-1. In the 60° position, the leg was held still for 5 sec and the subject was asked to remember the position (target angle). Then, the leg was returned to the starting position (30°) by the investigator and the subject was told to repeat the movement using her own muscle. The absolute difference between the estimated angle and the target angle was registered. After a practice trial, the subjects performed 3 trials. The mean absolute difference from the 3 trials was used for statistical analysis. 

The same measurement was repeated with starting position 60° and target angle 30° (knee-extension). Only the dominant leg was tested, which was determined by the “Kicking a ball” test. The intra-session reliability of the 3 trials was excellent for the knee-flexion (ICC = .75) and good for knee-extension (ICC = .70). The data were based on the first testing session.
Balance Measurement

Static balance was assessed using a force platform with sensors measuring displacements of the center of pressure (CoP) in the Medio/Lateral (M/L) and Anterior/Posterior (A/P) directions (KINVENT, www.k-invent.com). The depended variables were Peak-to-peak amplitude of CoP in the M/L and A/P directions. The children were asked to stand as quiet as possible for 10 sec on their dominant leg by flexing 90° the leg that was not being tested. Furthermore, they didn’t wear shoes, their arms were hanging relaxed at the sides, and they were focused at a cross placed on a wall at eye level 2 m away. To prevent falls during trials, an investigator stood close to each subject. Also, each subject was allowed to perform one practice trial before testing and performed 3 trials with a pause of approximately 30 sec. The mean of the 3 trials was used for analysis.

The reliability was estimated with the test-retest method in a pilot study with 22 first grade girls. The group was retested 1 wk after the initial test, and the ICCs were good to excellent (ICC-ML = 0.71 and ICC-AP = .76). The intra-session reliability of the 3 trials was ICC-ML = .72 and ICC-AP = .76. The girls that took part in the test-retest measurements were not included in the main study.
Rhythmic Synchronization Measurement
The Rhythm-Test consisted of two force plates connected to a computer (KINVENT, France, www.k-invent.com). The subjects were asked to walk in place in synchrony to the beat of the metronome at 120 beats∙min-1 and 80 beats∙min-1 3(,13)
. The system captures both the time of the beat and subject’s corresponding foot contact (sampling frequency 100 Hz). The rhythmic asynchrony is the temporal absolute difference between the beat and the corresponding foot contact. Prior to the measurement, the subjects were acquainted with the apparatus and thereafter executed 24 steps in synchrony to the beat of the metronome. The first 8 steps of the 24 served as the adaptation period. The mean of the absolute differences from the rest of the 16 steps was used for statistical analysis. 

The reliability was estimated with the test-retest method in a pilot study with 16 first grade girls. The group was retested 1 wk after the initial test and the ICCs were ICC-120 beats∙min-1 = 0.74 and ICC-80 beats∙min-1 = .71. The girls that took part in the test-retest measurements were not included in the main study.

Statistical Analyses

The data were analyzed using a two-way ANOVA repeated measures design, with the between-subject factor group (TRE vs. CON), and the within-subject factor time (pre vs. post). The assumption of normality was veriﬁed by the Shapiro Wilk’s test for each set of data. In the case of significant interaction, a post hoc analysis with Bonferroni-correction was applied to determine signiﬁcant differences. Furthermore, effect sizes of ANOVA are presented as partial eta square values and for t tests as Cohen's d values. All statistical analyses were conducted using SPSS. Statistical significance was set at P≤0.05.

RESULTS

The descriptive statistics of the dependent variables are presented in Table 1.

Table 1. Proprioception (degrees), Center of Pressure (CoP), Range (cm) in the Medio/Lateral (CoP-M/L), and the Anterior/Posterior (Cop-A/P) Direction, and Rhythm (msec) of the Treatment Group and the Control Group from Pre- and Post-Tests.

	
	
	

	
	Treatment Group
	Control Group

	
	Pre-
	Post-
	Pre-
	Post-

	Proprioception
	
	
	
	

	   Knee-Flexion
	 8.49 ± 3.24
	  6.18 ± 2.82*
	8.77 ± 2.80
	     8.59 ± 3.21

	   Knee-Extension
	 9.53 ± 4.26
	  7.70 ± 4.17*
	10.06 ± 3.32
	    11.05 ± 3.86

	Balance
	
	
	
	

	   CoP-M/L
	 3.31 ± .473
	 2.80 ± .56*
	3.34 ± .46
	      3.22 ± .46

	   CoP-A/P
	4.18 ± .02
	4.02 ± .94
	  4.39 ± 1.19
	 4.22 ± 1.04

	Rhythm
	
	
	
	

	   80 Beats∙Min-1
	241.51 ± 44.84
	185.68 ± 53.44*
	238.19 ± 46.43
	228.15 ± 45.92

	   120 Beats∙Min-1
	148.07 ± 30.94
	139.13 ± 27.14
	146.77 ± 32.45
	143.80 ± 32.27


*Significant difference between the two groups (P<0.05).

Proprioception

Knee-Flexion

The repeated measures ANOVA indicated a significant interaction effect between group (Treatment, Control) and time of measurement (pre-post), (F1,37 = 6.490, P = .015, partial eta squared ηp2 = .149). At the beginning of the intervention, there was no significant difference between the two groups, (t = .285, P = .777). At the end of the intervention, Bonferroni correction revealed that the Treatment Group was significantly better than the Control Group (t = 2.49, P = .017, 95% CI [4.366, .450], Cohen’s d = .823).
Knee-Extension

There was a significant interaction effect between group (Treatment, Control) and time of measurement (pre-post), (F1,37 = 7.153, P = .011, ηp2 = .162). At the beginning of the intervention, there were no significant differences between the two groups (Treatment, Control), (t = .428, P = .671). At the end of the intervention the Treatment Group was significantly better than the Control Group (t = 2.583, P = .014, 95% CI [5.974, .721], Cohen’s d = .853).
Balance
Mediolateral Direction

There was a significant interaction effect between group and time of measurement (F1,37 = 5.076, P = .03, ηp2 = .121).  At the beginning there was no significant difference between the two groups (Treatment, Control), (t = .228, P = .821). At the end the Treatment Group was significantly better than the Control Group (t = 2.531, P = .015, 95% CI [0.088, 0.751], Cohen’s d = .834).

Anterioposterior Direction

There was no significant interaction effect between group and time of measurement (F1,37 = .001, P = .979, ηp2 = .001). Furthermore, there were no significant effects of group (F1,37 =.507, P = .481, ηp2 = .014) and time of measurement (F1,37 = 1.057, P = .311, ηp2 = .028).
Rhythmic Synchronization
80 Beats∙Min-1
The repeated measures ANOVA indicated a significant interaction effect between group and time of measurement (F1,37 = 6.460, P = .015, ηp2 = .149). At the beginning, there were no significant differences between the two groups (t = .227, P = .822). At the end, the Treatment Group was significantly better than the Control Group (t = 2.638, P = .012, 95% CI [75.100, 9.849], Cohen’s d = .869).

120 Beats∙Min-1
There was no significant interaction effect (F1,37 = .817, P = .372, ηp2 = .022). Furthermore, there were no significant effects of group (F1,37 = .033, P = .856, ηp2 = .001) and time of measurement (F1,37 = 3.255, P = .079, ηp2 = .081).

DISCUSSION

The aim of the present study was to examine the effects of 3 months of ballet training on proprioception, balance, and rhythm in 7 yr old novice girls. The results showed that ballet training during regular physical education classes improved proprioception, static balance in the mediolateral direction, and rhythm at 80 beats∙min-1.

Proprioception

With regard to proprioception, the Treatment Group was more accurate in joint position sense (JPS) than the Control Group. This finding is consistent with a number of studies (12,15,23), which demonstrated that professional ballet dancers exhibit greater proprioceptive awareness than controls. However, the aforementioned studies cannot provide a causal effect between ballet training and proprioception. The better proprioception of professional dancers may simply reflect the fact that individuals with superior physiological and neural systems. As such, then, individuals with enhanced proprioception are more likely to have an advantage in becoming professional ballet dancers 10()
. 
But, interestingly, in regards to the novice young girls in the present study, the findings indicate that ballet training may improve proprioception. This result may be attributed to the fact that dancers track continuously the position of the body and limbs and they do so mainly on the basis of information that is provided by proprioceptors in skeletal striated muscles and tendons and the fibrous membrane in joint capsules.
Although regular training seems to improve proprioception, the exact neurophysical mechanism remains unclear 24()
. Hewett et al. (11) indicate that peripheral receptors, such as muscle spindles, transduce the mechanical events into neural signals and provide the central nervous system with the necessary information for the regulation of reflexes and motor control. Riemann and Lephart (26) report that regular training induces morphological adaptations in the muscle spindles, which may decrease the latency of the stretch reflex response and increase the amplitude. Furthermore, according to Ribeiro and Oliveira (24), repeated execution of a motor skill may lead to plastic changes in the central nervous system, such as an improved strength of synaptic connections and alterations in the organization and number of connections among neurons. This is particularly relevant for ballet training since it involves repeated positioning of body and limbs in specific spatial positions that may lead to plastic changes in the cortex and increase cortical representation of the joints resulting in enhanced body and limb position sense 2()
.

Together with training, age appears to be also associated with the development of proprioception 6()
. Some studies (6,22) have reported that there is an increase in proprioception from the ages of 4 up to adolescents and that the sensitive period is between 5 and 8 yrs of age. Moreover, Laszlo and Baivstow (17)
 reported that some of the 5 and 7 yr olds performed as well as adults. Interestingly, Schmitt et al. (27)

 reported that adult dancers’ proprioception did not improve during a 5-month period of regular professional ballet training , which was attributed the subjects’ hypermobility. However, an additional explanation could be that adult dancers may already have reached their ceiling and, therefore, cannot improve any further. Since the sensitive period of proprioception is between 5 and 8 yrs of age, the positive findings of the present study may be due to the fact that the children of this age were susceptible to the proprioception training. It would be interesting if future studies examined whether ballet training may increase the magnitude of the developmental trend of children’s proprioception.

Balance

According to the results of the present study, ballet training leads to significant improvements in balance in the mediolateral direction and a tendency for improvement in the anterioposterior. This result could be attributed to the fact that ballet contains many lateral movement patterns that activate muscles and neural pathways involved in hip abduction and adduction as well as ankle stabilization. These movements challenge the neuromuscular system controlling the CoP movements in the mediolateral direction and may be the explanation for the better performance of the Treatment Group. 

The findings of the present study are consistent with those of Ricotti and Ravaschio (25)
 who reported that break dance, which is an appealing activity to children, improved the balance of young boys. Yet, it is interesting that Granacher et al. (7)
 reported that they found no significant improvements of traditional balance training on the children’s postural control. They attributed their findings to the lack of the children’s motivation in executing highly structured exercises. The advantage of ballet compared to traditional balance training, is due to its appeal to young children and especially to young girls. Since balance is strongly related to injury prevention and young children are capable of significant improvement, it is important for teachers, trainers, and exercise physiologists to use the most appropriate activities for its enhancement in that age. 

Rhythmic Synchronization
The hypothesis of the study (i.e., that ballet training would improve the children’s rhythm) was partially confirmed. The Treatment Group showed better rhythm than the Control Group, but only at 80 beats∙min-1 and not at 120 beats∙min-1. Rhythmic synchronization is strongly related to Spontaneous Motor Tempo (SMT), a person’s inherent rate of activity, and synchronization to the beat of a metronome tends to be most accurate when beats∙min-1 are centered around the SMT 4()
. The non-significant finding of the present study at 120 beats∙min-1 might be attributed to the fact that approximately 120 beats∙min-1 is the SMT of young children 4()
, thus any further improvement was hard to occur. This is the first study to examine the effects of ballet on young children’s rhythm. There is the need for further research.

Limitation in this Study
A limitation of this study is that the subjects were young girls and, therefore, the results cannot be generalized to all children. 

CONCLUSIONS

The present study found that ballet training has a positive impact on the girls’ proprioception, balance, and rhythm. The findings are probably related to the nature of the ballet movements that require: (a) specific body and limb position in space; (b) balance; and (c) rhythmic synchronization. In general, proprioception, balance and rhythmic synchronization are important factors for children’s motor development and injury prevention. Therefore, the suggestion is made to incorporate ballet activities in young girls’ training sessions, as it constitutes both an appealing and effective activity for the improvement of the above mentioned abilities.
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