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ABSTRACT
Introduction: Dancers use to do stretching exercises to increase flexibility in the 
preparation and completion of training and activities. The purpose of the present 
study was to compare two methods of passive stretching of hip flexion in classical 
dancer children. Methods: Twenty-one female’s children were recruited for the stu-
dy, and each participant visited the laboratory on two occasions during three-days 
at least twenty-four hours between visits. A randomized within-subject design used 
to investigate the effects of three conditions: control (CG), static stretching (SS), 
and proprioceptive neuromuscular facilitation (PNF) applied to the posterior thi-
gh, unilaterally, on passive hip flexion (HF) with 60-seconds. Results: There were no 
statistical differences for CG (F = 0.716; p = 0.552), SS (F = 0.536; p = 0.662) and PNF (F 
= 1.713; p = 0.191). Conclusion: The results found in the present study indicate that 
different stretching methods can promote increases in HF and PROM without diffe-
rence between methods. 
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RESUMO
Introdução: Os dançarinos utilizam exercícios de alongamento na preparação e fi-
nalização de treinamentos e atividades para aumentar a flexibilidade. O objetivo do 
presente estudo foi comparar dois métodos de alongamento na amplitude de movi-
mento passiva (AMP) da flexão do quadril no curso do tempo em crianças dança-
rinas clássicas. Métodos: Vinte e uma crianças do sexo feminino foram recrutadas 
para o estudo e cada participante visitou o laboratório em duas ocasiões durante três 
dias, com pelo menos 24 horas entre as visitas. As participantes foram distribuídas de 
forma randomizada para investigar os efeitos de três condições: controle (GC), alon-
gamento estático (AE) e facilitação neuromuscular proprioceptiva (FNP) aplicada 
na posterior de coxa, unilateralmente, na flexão passiva do quadril por 60 segundos. 
Resultados: Não houve diferença estatística para GC (F = 0,716; p = 0,552), AE (F = 
0,536; p = 0,662) e FNP (F = 1,713; p = 0,191). Conclusão: Os resultados encontrados no 
presente estudo indicam que diferentes métodos de alongamento podem promover 
aumentos na flexão do quadril e AMP sem diferença entre os métodos.
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Introduction

Classical ballet developed in the middle of the 16th century with the 
development of gestures and movement patterns that, over time, have been 
refined, requiring a higher physical performance that involves sensitivity, mu-
sicality, perception, neuromotor coordination, balance, muscle tone, laterality, 
time-space sensitivity and respiratory control [1]. Dancers have adopted stret-
ching exercises to increase flexibility in the preparation and completion of trai-
ning and activities [2,3].

Among the different flexibility training methods used before sports 
activity, it can be mentioned static stretching (SS), and proprioceptive neuro-
muscular facilitation (PNF) [4,3]. This fact agrees with the American College 
of Sports Medicine [5], which recommends stretching exercises in a supervised 
training program to improve flexibility gains. Flexibility is considered part of 
the five necessary components of health-related fitness and adequate levels are 
required to ensure life, postural stability, balance, and sports performance [5-8].

Commonly, stretching exercises have been used as part of the warm-up 
routine for rehabilitation as athletic performance to increase passive range-o-
f-motion (PROM) [9-14], increase in muscle performance [13,15,16] and local 
muscular endurance performance [17], but does not every time [18-21] increase 
cardiovascular response [22] and reduces delayed onset muscle soreness [23-25].

The classical ballet is based on natural human movements, and it re-
quires actions that involving strength and flexibility, jumps, and supports [26]. 
Flexibility is considered necessary for the proper and smooth execution of the 
exercises. It seems as an essential component of physical training to obtain and 
maintain health, quality of life, and sports performance [7]. Several factors can 
influence the flexibility levels (i.e., sex, age, and training specificity), and few 
studies are found in the literature across these factors. Therefore, the purpose 
of the present study was to compare two methods of stretching on time course 
passive hip flexion range-of-motion in children classical dancer.

Methods

Participants

Twenty-one female children (Table I) recruited for the study. An a priori 
sample size calculation (effect size = 3.40; 1-β = 0.95; α = 0.05) using G*Power 
[27] found that 6 subjects would be adequate; however, in order to increase 
statistical power, 7 subjects in each group were recruited [28]. Anthropometric 
data included body mass (Techline BAL – 150 digital scale, São Paulo, Brazil) 
and height (stadiometer ES 2030 Sanny, São Paulo, Brazil). Participants were 
excluded from participation if they did not practice classical ballet, had any po-
tential injury limitations or pre-existing medical conditions, answer positively 
in the Physical Activity Readiness Questionnaire (PAR-Q). Before the study, all 
participants were provided with a verbal explanation of the study and read and 
signed informed consent and PAR-Q [29]. All procedures were following the 
Declaration of Helsinki.
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Table I - Characteristics of participants.

Characteristics 

Age (years) 9.33 ± 1.65

Height (m) 1.41 ± 0.11

Weight (kg) 36.64 ± 11.24

Body Mass Index 17.73 ± 3.45

ICC baseline - CG 0.991

ICC baseline – SS 0.996

ICC baseline - PNF 0.999
ICC = intraclass correlation calculate; CG = control group; SS = static stretching; PNF = proprio-
ceptive neuromuscular facilitation.

Procedures

A randomized (https://www.randomizer.org/) within-subject design 
used to investigate the effects of three conditions; control (CG), static stret-
ching (SS), and proprioceptive neuromuscular facilitation (PNF) applied to the 
posterior thigh, unilaterally, on passive hip flexion (HF) with 60-seconds (Figu-
re 1). Participants visited the laboratory on four occasions during seven-days 
with at least twenty-four hours between visits. 

During the first visit, the participants underwent an anthropometric 
assessment. Each experimental session included two HF measures in a rando-
mized order, which later averaged to determine a baseline. Following baseli-
ne measures, subjects were randomized to one of the three conditions (CG, SS, 
and PNF). Immediately following the intervention, passive HF measured again, 
PROM also assessed 10- and 20-minute following each intervention to evaluate 
the effects of stretching on PROM over an extended period. Only the dominant 
leg tested as referenced to the leg that they would kick a ball with [30].

Figure 1 - Randomization process.
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Initially, participants arrived at the laboratory and cool down for 10-mi-
nute to minimize the thermal effects of muscle warm-up. Immediately after 
this period, the procedures involved in each experimental protocol performed. 
Throughout CG, no stretching technique performed, and only the HF and PROM 
was measured. Two kinds of stretching exercises (SS and PNF) applied for poste-
rior thigh regions. 

For each stretching exercise protocol, the movement taken to a position 
of slight discomfort [7] for a single set with a 60-second volume. Subjects ins-
tructed to maintain their usual respiratory pattern throughout all stretching 
exercises protocols. Stretching exercise interventions were performed at the 
same time of day to avoid possible diurnal variations. SS was performed passi-
vely with the dominant leg in the stretching position. For PNF procedures used 
a contract-relax technique [31]. Then, 1 set of 6 seconds of isometric contrac-
tion performed by the participants, and after that, a lengthened position held 
for 24 seconds. 

This procedure was repeated two times for a total of 60-second. For each 
protocol, the movement conducted in a discomfort position [7]. In both techni-
ques were performed stretching for the posterior thigh, which subjects lying in 
the supine position with arms and legs extended (Figure 2). Research raised the 
leg, with knee extended, performing HF until maximum position.

Passive range-of-motion

Passive HF (Figure 3) of the dominant leg measured with a manual go-
niometer (Trident, São Paulo, BRA) using the standardized procedures outlined 
by Norkin and White [32]. HF assessed in a supine position with the dominant 
knee flexed at 90 degrees, and the opposite knee extended. A blood pressure 
cuff placed under the lumbar spine and then inflated to 60 mmHg [33]. This 
pressure monitored as the dominant leg passively lowered to the end of the 
PROM without associated changes in pelvic position or pressure in the blood 
pressure cuff [33]. The researcher then aligned the axis of the goniometer with 
the greater trochanter, and the arms of the goniometer with the lateral condyle 
of the femur and the mid-axillary line. When the trunk and thigh were parallel, 
HF and PROM defined as 0 degrees (positive PROM characterized by flexion of 
the hip). The arms relaxed beside the body throughout PROM testing. The same 
experimenter collected all PROM data and always blinded as to which interven-
tion the participants had been subjected to.

Figure 3 - Passive hip flexion demonstration.Figure 2 - Thigh posterior stretch demonstration.
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Statistical analyse

Data are presented as means ± standard deviations. Normality and sphe-
ricity tested using a Shapiro-Wilk test homoscedasticity was confirmed by a 
Mauchaly’ test. The baseline reliability was assessed by intraclass correlation 
calculate as ICC = (MSb – MSw) / [MSb + (K-1) MSw), where MSb= mean-square 
between, MSw = mean-square within, and K = average group size. An ANOVA 
with repeated measures was used to test for an interaction. Additionally, effect 
size (ES) estimates calculated using standardized mean difference to determine 
the magnitude of the treatment effects. The ES represents the standardized wi-
thin-group change for each measurement time point compared with baseline 
values (ES = [Mean Post – Mean Pre] / SD of the baseline). The magnitude of 
the ES interpreted using the scale proposed by Rhea [34] for recreationally trai-
ned subjects, were < 0.5, 0.50-1.25, 1.25-1.9, and > 2.0 represented trivial, small, 
moderate, and large effects, respectively. All analyses performed using SPSS ver-
sion 21 (SPSS Inc., Chicago, IL, USA), and an alpha level of 0.05 accepted.

Results

For baseline’s values check Table I. There were no statistical differences 
for CG (F = 0.716; p = 0.552), SS (F = 0.536; p = 0.662) and PNF (F = 1.713; p = 0.191) 
(Table II; Figure 4). Results regarding ES confirm these results indicating that 
the highest magnitude presented trivial classification (Table II).

Table II - ES for each post-exercise moment.

CG = control group; SS = static stretching; PNF = proprioceptive neuromuscular facilitation; Post-0 
= immediately post exercise; Post-10 = 10-minutes post exercise; Post-20 = 20-minutes post exercise.

Figure 4 - Response between conditions at different times.

Post-0 Post-10 Post-20

CG

 Effect Size -0.02 -0.45 -0.66
Trivial Trivial Small

SS

 Effect Size 0.62 0.26 0.42
Small Trivial Trivial

PNF

 Effect Size 1.00 0.94 0.40
Small Small Trivial
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Discussion

The purpose of the present study was to compare two methods of stret-
ching on time course passive hip flexion range-of-motion in children classical 
dancer. There were no statistical differences for CG (F = 0.716; p = 0.552), SS (F 
= 0.536; p = 0.662) and PNF (F = 1.713; p = 0.191). Results regarding ES confirm 
these results, indicating that the highest magnitude presented trivial classifi-
cation. The results found in the present study agree with the previous literature 
[35], which found an increase in the flexibility of dancers immediately after 
stretching techniques (SS and PNF). Rubini et al. [35] investigated the effects 
of SS and PNF on hip adductors flexibility in female ballet dancers. The authors 
equalized the stretching volume and indicate increase in SS (p<0.001; ES = 0.39) 
and PNF (p<0.001; ES = 0.24) without difference between stretching techniques. 
Additionally, Melo et al. [36] found that increases in posterior thigh flexibility 
in (p = 0.05) PNF group (8.78°) when compared to the SS group (6.99º). Wan-
derley et al. [37] conducted a systematic review that reported low quality of 
evidence on the efficacy of PNF in comparison with other stretching methods, 
not allowing declaring to be a superior method.

There is still controversy regarding the technique, the duration, and the-
se variables may have influenced the frequency of stretching when proposing 
flexibility gain and the results of the present studies. Regarding the stretching 
volume, Rubini et al. [35] applied an intervention of four sets of 30 seconds 
with an interval of 30 seconds between sets, while in the present study, we per-
formed 60 seconds of stretching. Tirlonil et al. [38] compared four SS volumes 
(15-, 60-, 90-, and 120-seconds) on the posterior thigh for popliteal angle PROM. 
The results found were like the present study (although not statistically), which 
indicated significant increases in 60-seconds in comparison to the control. In 
contrast, the authors observed a better dose-response for higher volumes (120- 
> 90- > 60- > 15-seconds), which corroborates with Decoster et al. [39], Medeiros 
and Martini [40], and Wanderley et al. [37]. The results found by Tirlonil et al. 
[38] were in different populations from our study. This fact makes us believe in 
interventions with higher volumes for children classical dancer. Dantas [1] in-
dicates that female children are more flexible when compared to males or when 
compared to adults.

A piece of studies indicates that the flexibility gains depends on the 
sessions sets number performed [41,42]. For example, Gama et al. [41] analyzed 
the different number of PNF sets in three stretching groups that received the 
intervention five days a week for two consecutive weeks. Alternated concerning 
frequency with one, three, and six manoeuvres per session with the hold-relax 
technique on posterior thigh flexibility. The results indicated that the flexibili-
ty gains in all the experimental protocols when compared to the control group, 
but there was no significant difference between the experimental protocols. 
However, the multiple sets (three and six sets) were better for PROM results 
in comparison to the single sets group, indicating dose-dependence between 
flexibility and sets number. Gama et al. [42] confirm and indicate a session-
-dependency for flexibility. The authors tested two different intervals between 
sessions, 24-hours (total of five sessions per week), and 48-hours (total of three 
weeks per session). They did not observe statistical differences between the in-
tervals after 10 PNF sessions for the posterior thigh. However, the results indi-
cated a tendency for higher volumes to be more efficient for flexibility gains, 
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since the group that performed the stretching five sessions per week indicated 
gains with fewer sessions. In contrast, Bandy et al. [43] evaluated 93 partici-
pants at the optimal stretching frequency of the posterior thigh musculature 
and found no significant difference between one and three stretching sessions 
per day.

At our best acknowledge, this is the first study that evaluated the chil-
dren dancers PROM, as well as the time course effect of flexibility gains. Howe-
ver, Škarabot et al. [30] compared the time course effect of SS and foam rolling, 
both in isolate performance and the combination of them. The authors found 
increases in dorsiflexion PROM for all experimental protocols, which remained 
for up to 20-minutes. Similarly, Monteiro et al. [44] compared the time course 
effect of foam rolling and rolling massage on hip flexion and extension PROM 
and found increases in hip PROM for up to 20-minutes. Although different te-
chniques, both studies agree with the findings of the present study, which ob-
served the tendency of the hip PROM for up to 20-minutes. Differently from 
both studies, the present study compared the effectiveness of two methods and 
observed that the contract-relax technique (PNF) seems to be more efficient for 
hip flexion PROM. The time course effect is important for both rehabilitation 
and ballet specificity, as it is necessary to understand the duration of the results 
found after stretching techniques.

Over time, to polish the different stretching exercises and sports activi-
ties, studies test different warm-up techniques to increase muscle temperature, 
energy metabolism, viscoelasticity of the soft tissue, rate pressure product, and 
the transmission speed of the nerve impulse, thus improving the propriocep-
tors sensitivity, the recruitment of motor units, coordination and the ability to 
withstand load. The literature is unclear about stretching exercise performance 
during the warm-up session, but still commonly suggest. Stretching techni-
ques seem to modify the viscosity of the musculotendinous system, redistribute 
blood flow, and improve the diffusion of available oxygen to muscles [45,46]. 
This fact becomes important in the specificity of ballet practice and should be 
stimulated as a PROM enhancer.	

There are some limitations/delimitations to bear in mind when inter-
preting the findings in this study. Firstly, the assessed age group seems to have 
influenced the results chosen, given the fact that children tend to be more fle-
xible than the other age group [1]. Secondly, sports practice seems to have a 
direct influence on the evaluated variable. It should be taken into account sin-
ce ballet, and jazz dancers tend to be more flexible due to the functionality of 
their practice. Finally, single sets with 60-seconds stretching may be inefficient 
to promote a satisfactory dose-response in the studied population.

Conclusion

The results found in the present study indicate that different stretching 
methods can promote increases in HF and PROM without differences between 
methods. Besides, the results indicate a decrease in HF and PROM post-10-mi-
nutes; this fact makes it possible to apply the stretching techniques immedia-
tely before the test or a show, to optimize the range of the ballet movements. 
Finally, the authors encourage the development of new studies with dancers 
and flexibility to indicate a better dose-response between stretching methods 
and volumes.
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