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Abstract. The aim of the study is to investigate the possibilities of developing joint and muscular flexibility
by highlighting the effects of special stretching programs applied through the progressive method on the group
of subjects included in the research. The research was carried out on 14 subjects aged between 18 and 20,
female students in the first and second years at the Politehnica University of Bucharest. The experiment was
conducted within the training lessons of the cheerleading team for 7 months, between November 2018 and May
2019. During the mentioned period, five programs focused on stretching exercises were developed and applied
in the preparation of the experimental group, in order to develop the mobility and joint flexibility of the spine
and the coxofemoral area. The exercises were designed according to the age, the level of preparation and the
biomotor potential of the female students. The exercise structures were performed in the first part of the training
lesson, after a preliminary warm-up, for 15-20 minutes, three times a week. The analysis and interpretation of
the experimental data resulting from the application of tests to assess the level of joint flexibility in female
students have shown progress during the three tests (initial, intermediate and final), which attests the
effectiveness of the progressive stretching method.
Keywords: flexibility, mobility, progressive stretching, female students.

Introduction
Competitive cheerleading includes a complex system of technical elements from acrobatic
gymnastics (tumbling, stunts, pyramids, etc.), elements of rhythmic and aerobic gymnastics,
figures and specific elements of any style of dance, all performed on the musical rhythm. In
order to complete the contest program, cheerleaders need good physical training oriented to
the development of strength, endurance, speed of execution, segmental and multi-segmental
coordination, static and dynamic balance, capacity of spatial-temporal orientation, etc., but
also of grace, elegance in movement, rhythm and musicality.
From an artistic point of view, obtaining a wide, fluid, plastic and expressive form of
movement is a wish that depends on the level of development of joint flexibility and
muscular elasticity. The amplitude of the movement is ensured by the offer of joint mobility,
which must be maximum at all joints (Macovei, 1999, p. 24). It is suggested that flexibility is
“the range of motion of a joint or a series of joints that are influenced by muscles, tendons,
ligaments, bones, and bony structures” (Anderson & Burke, 1991).
In cheerleading competitions, the shape and amplitude of the movement represents an
evaluation criterion of the technical execution. Failure to observe the amplitude and form of
the movement entails penalizing the team in the competition. The existing studies show that
an increased value of articular suppleness provides the female athletes with superior skills of
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execution, the possibility of approaching a richer motor repertoire, as well as the increase of
the chances of sport success (Macovei, 1999, p. 23).
Based on these considerations, we deemed it appropriate to investigate the intermediate
motor ability - flexibility (mobility) from the perspective of optimizing its level of
manifestation, as a qualitative basis for proper technical learning and execution, an aspect
that will lead to the improvement of future sports performance.
Among the modalities for developing joint mobility and muscular flexibility, the most
common is that of stretching exercises. Stretching is a common activity used by athletes,
older adults, rehabilitation patients, and anyone participating in a fitness program (Page,
2012). Stretching is an effective and verified method that allows flexibility training, offering
more possibilities for stretching the muscles. Several types of stretching are presented in the
specialized literature (Damian, 2003, pp. 25-29):
 Static or passive stretching - is performed not by own muscular strength but also with an
external force (partner, another body segment or own body weight);
 Dynamic stretching - is done by slow voluntary movements of the involved segment,
gradually increasing the amplitude and the speed of execution;
 Active stretching - is also performed by voluntary movement to reach the maximum
amplitude in movement, position in which the segment is maintained 10-15 seconds by
the contraction of the agonist muscles and relaxation of the antagonist ones;
 Isometric stretching - is the combination of static stretching with an isometric contraction
in the passive stretching position (performed with partner);
 PNF (proprioceptive neuromuscular facilitation) stretching - combines passive and
isometric stretching for maximum static flexibility;
 Ballistic stretching - performed actively with the use of stretched muscle as a spring that
will “throw” the working part of the body in the opposite direction;
 Progressive stretching - has as its mechanism of action the automatic neuromuscular
reprogramming systems at the level of the neuromotor reflex arc. (Șalgău, 2005)
Stretching exercises are based on certain rules such as: the preliminary warming-up of the
body (5-10 min); the application of stretching means in the introductory, fundamental part or
at the end of a more demanding training; the stretching will be slow, gradual, without any
sudden movement, and the position will be kept until the targeted muscle relaxes; the position
will be maintained without making arching movements; the breathing will be regular,
rhythmic; feeling the pain will require to immediately stop the action (Petcu, 2019, p. 30).
Although the benefits of stretching are very well known, there is controversy as to which
would be the most effective type of stretching. Some authors have compared static to
dynamic stretching, both of which prove equally effective in the range of motion (De Weijer,
Gorniak, & Shamus, 2003; Young et al., 2004; Curry et al., 2009; Beedle & Mann, 2007),
while other authors did not find any performance improvement by comparing the two types
of stretching (Wallmann, Mercer, & Landers, 2008; McMillian et al., 2006; Dalrymple et al.,
2010; Torres et al., 2008). However, it is recognized that static, dynamic and isometric
stretching are effective methods of improving joint and muscle flexibility (Page, 2012).
Passive stretching is more effective than dynamic stretching. The efficiency of different
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protocols such as timing of rest periods, placement within a workout schedule and repeated
passive stretching have also showed good results (Gremion, 2005).
A less studied method is that of progressive stretching, which is why we chose to use it in
this research. Progressive stretching is a method used by some Chinese athletes and is based
on a program consisting of 3 series of 10 stretches (tension to the most accentuated sensation
of pain) of the targeted muscles, which is followed by breaks equal in duration with the
preceding stretch time. For example, the first series lasts: 6" tension - 6" break; 6” tension 6” break; 7” tension - 7” pause; 7” tension - 7” pause; 8” tension - 8” break; 8” tension - 8”
break; 9” tension - 9” break; 9” tension - 9” break; 10” tension - 10” break; 10” tension,
reaching the end of the third series at 20” tension - 20” break. The break between the first and
second series is active, with the relaxation of the targeted muscles, and lasts between 30” and
45”, and between the second and third series, it is 45”-1' (Șalgău, 2005).
We consider that the topic addressed is up to date, since we have identified, during the
practical activity carried out in the training lessons with the cheerleading team of the
Politehnica University of Bucharest, the necessity to introduce programs focused on exercises
to develop joint flexibility, tailored to the needs and level of preparation of the female
students. Therefore, we found it appropriate to conduct this research, which would highlight
the efficiency of the progressive stretching method and the impact of the designed programs
applied to the subjects included in the research.
Methodology
In conducting the research, we have started from the premise that determining the initial
level of coxofemoral and spinal flexibility in the investigated subjects will provide us with
useful information for designing specific stretching programs with an important contribution
to the improvement of the specific parameters.
The purpose of the study is to investigate the possibilities of developing the general joint
and muscle flexibility by highlighting the effects of the special stretching programs applied
by means of the progressive method on the group of subjects included in the research.
Objectives and tasks:
 determining the level of development of the coxofemoral and spinal flexibility after
applying the designed programs;
 highlighting the efficiency of the progressive stretching method materialized in improved
indices of joint flexibility.
In order to fulfill the proposed objectives, the following tasks were considered:
 establishing a system of operational structures and strategies for developing coxofemoral
and spinal flexibility;
 designing the training process;
 experimenting the developed training programs;
 monitoring the progress of the experiment;
 carrying out the intermediate and final testing by applying the tests for the assessment of
joint flexibility;
 verifying the dynamics of the results obtained by the experimental group and its statistical
significance;
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 highlighting the efficiency of the proposed method in the stretching programs;
 drawing conclusions from the activity carried out.
Hypothesis
Using the progressive stretching method in the training exercises of students facilitates the
development of joint mobility and muscle elasticity.
By developing and including in the training exercises some programs that aim to develop
joint flexibility and muscle elasticity, we can contribute to improving the content and
methodological efficiency in the preparation of female students.
Methods
In carrying out the present study, we used the following data collection methods: the
method of bibliographic documentation, the observation method. The experiment was of
longitudinal, ascertaining type.
Participants
The research was conducted on 14 subjects aged between 18 and 20, female students in the
first and second years at the Politehnica University of Bucharest (UPB). Subject selection
was performed at random.
Instruments
The working hypothesis was verified within the pedagogical experiment through the
following tests used to assess:
 The spinal flexibility in the anterior plane. From the position sitting on the edge of a
podium, with the legs close together and knees extended, the trunk was bent forward,
touching the attached graded ruler with the fingertips. The position was maintained at the
maximum point of bending of the trunk for 10 seconds. The distance in cm between the
tiptoes and the fingertips was measured.
 The coxofemoral flexibility by performing the split on the floor with the right and left legs.
The subjects performed the forward split on the floor to the point of discomfort,
maintaining the position for 10”, followed by 5” of rest, repeated four times on each leg.
With the help of the ruler, the distance between the anterior superior iliac spine and the
floor was measured. The lower the anterior superior iliac spine, the lower the split and the
better the performance (Sands et al., 2006).
Procedure
The place of the research was the gym of the UPB Sports Complex. The female students
participated voluntarily in the research. At the beginning of the experiment, they were
explained the particularities of the testing and the assessment techniques used, and they
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expressed their agreement in this regard. The research respected the ethical and medical
conditions of the subjects' participation.
The experiment was conducted within the training lessons of the cheerleading team for 7
months, between November 2018 and May 2019.
The research stages were the following:
 between 5.11. – 9.11. 2018, the initial testing took place;
 between 12.11.2018 and 9.05.2019, the independent variable was applied to the
experimental group, namely the joint and muscle flexibility training program;
 between 18.03. – 21.03.2019, the intermediate testing was carried out for the purpose
of verifying the working techniques;
 between 06.05. – 9.05.2019, the final testing took place.
During the above-mentioned period, five programs focused on stretching exercises were
designed and applied in the preparation of the experimental group, in order to develop the
flexibility and articular suppleness of the spine and coxofemoral area. The exercises were
designed according to the age, the level of preparation and the biomotor potential of the
students. The exercise structures were performed in the first part of the training lesson, after a
preliminary warm-up, for 15-20 minutes, three times a week.
The method used in performing the exercises was that of the progressive stretching, by
means of which the grading of the intensity and time of maintaining the stretching positions,
as well as of the breaks between series, was done. Basically, within each program, 3 series of
10 stretches of the targeted muscle groups were performed, followed by breaks equal as
duration to the previous stretching time. Each stretching position was performed until
bearable pain appeared.
We exemplify one of the stretching exercise programs for the development of coxofemoral
mobility, which was applied in the training of the experimental group:
Program no. 1
Operational objective: optimization of joint mobility with emphasis on developing
coxofemoral flexibility.
Teaching strategy:
 Materials: mattresses, fixed stairs, stopwatch;
 Training methods: demonstration, explanation, practice, conversation;
 Exercise methods: progressive stretching.
Operational structures:
1. Initial position: standing with feet close together, arms close to the body.
Large forward lunge on the right foot, 90˚ angle between thigh and calf, palms resting on
the knees, straight back;
Large forward lunge on the left foot, 90˚ angle between thigh and calf, palms resting on
the knees, straight back.
2. Initial position: standing with feet close together, arms close to the body.
Lateral lunge on the right foot, 90˚ angle between thigh and calf, palms resting on the
knees, straight back;
Lateral lunge on the left foot, 90˚ angle between thigh and calf, palms resting on the knees,
straight back.
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3. Initial position: standing with feet close together, arms close to the body.
Large forward lunge on the right foot, thigh resting on the calf, palms resting on the
ground, trunk bent on the front foot, left foot with the sole in flexion;
Large forward lunge on the left foot, thigh resting on the calf, palms resting on the ground,
trunk bent on the front foot, right foot with the sole in flexion.
4. Initial position: standing with feet apart, soles on the same line, arms close to the body.
Bending the trunk forward with the legs stretched, the sole of the right foot in flexion held
with both hands;
Bending the trunk forward with the legs stretched, the sole of the left foot in flexion held
with both hands.
5. Initial position: supine, legs stretched.
Moving the right foot held with both hands by the ankles in large gap ahead;
Moving the left foot held with both hands by the ankles in large gap ahead.
6. Sitting with feet apart, palms on the ground.
Leaning the trunk forward, palms on the ground, knees stretched;
Leaning the trunk forward, palms on the ground, knees bent.
7. Standing facing the fixed ladder, the foot raised to 90˚ supported on the tip of the fixed
ladder lath.
Leaning the trunk forward while keeping the knees stretched, palms resting on the ankle of
the right/left foot.
8. Standing with the right/left shoulder towards the fixed ladder, the foot raised to 90˚
supported on the tip of the fixed ladder lath.
Leaning the trunk laterally while keeping the knees stretched, palms resting on the ankle
of the right/left foot.
9. Standing with the back towards the fixed ladder, the foot raised to 90˚ resting on the tip
of the fixed ladder lath, palms on the hips.
Demi-plie on the right/left foot with the straight back, eyes looking forward.
10. Forward/lateral split on the floor with the right/left tiptoe supported on the tip of the
first lath of the fixed ladder.
Results
The data processing method was the statistical-mathematical one, through which the
following statistical indicators were calculated: arithmetic mean, standard deviation,
coefficient of variation. To validate the experimental hypothesis, the dependent t-test was
used to highlight the differences between the tests following the application of the same
independent variable to a single sample.
According to Fisher’s table, critical t-test value for n = 13, critical t-value = 2.16 (p <
0.05), critical t = 3.01 at the p-value < 0.01 and critical t = 4.22 at the p-value < 0.001.
The statistical values were calculated with EXCEL program, version 2007, of Microsoft.
The synoptic presentation of the recorded data was performed using the graphical method.
Through this method, we represented each test applied during the assessment to provide a
synthetic image of the value stage regarding the progress or regression of the investigated
subjects.
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Tables 1, 2 and 3 show the dynamics of the results obtained from the three tests (initial,
intermediate and final), comparing the values of the parameters determined by tests assessing
the flexibility of the spine and coxofemoral area at the group level, within the framework of
the determined statistical indicators: arithmetic mean (“X”), standard deviation (“σ”),
coefficient of variation (Cv %), dependent t-test. The evolution of the arithmetic mean for the
experimental group, as well as the dynamics of individual results obtained during the
experiment are graphically represented in Figures 1-6.
Table 1. Comparative analysis of the results obtained by the experimental group in the
assessment of spinal flexibility – Initial test (T1) and intermediate test (T2)
STATISTICAL-MATHEMATICAL INDICATORS
TEST
Spinal flex.
Flex. left f.
Flex. right f.

/±σ
T1
24.07/±3.57
23.57/±1.63
19.43/±2.53

PROGRESS
T1-T2
0.64
1.07
2,00

/±σ
T2
24.71/±3.17
22.5/±1.63
17.43/±2.68

Cv
T1
14.85
6.93
13.02

T2
12.83
7.65
15.37

t

p

2.09
6.51
11.01

> 0.05
< 0.001
< 0.001

Table 2. Comparative analysis of the results obtained by the experimental group in the
assessment of spinal flexibility – Intermediate test (T2) and final test (T3)
STATISTICAL-MATHEMATICAL INDICATORS
TEST
Spinal flex.
Flex. left f.
Flex. right f.

/±
T2
24.71/ ±3.17
22.5/ ±1.63
17.43/±2.68

PROGRESS
T2-T3

/±
T3
28.07/ ±2.95
20.5/ ±1.72
15.00/±2.88

3.36
2
2.43

Cv
T2
12.83
7.65
15.37

T3
10.50
8.39
19.20

t

p

10.00
11.01
14.06

< 0.001
< 0.001
< 0.001

Table 3. Comparative analysis of the results obtained by the experimental group in the
assessment of spinal flexibility – Initial test (T1) and final test (T3)
STATISTICAL-MATHEMATICAL INDICATORS
TEST
Spinal flex.
Flex. left f.
Flex. right f.

/±σ
T1
24.07/±3.57
23.57/±1.63
19.43/±2.53

PROGRESS
T1-T3
4
3.07
4.43

/±σ
T3
28.07/ ±2.95
20.5/ ±1.72
15.00/±2.88

Cv
T1
14.85
6.93
13.02

T3
10.50
8.39
19.20

t

p

10.58
11.52
17.67

< 0.001
< 0.001
< 0.001

We find that, for the spinal flexibility test (Tables 1-3), the value of the arithmetic mean
“X” (Figure 1) is 24.07 cm in the initial test (T1), 24.71 cm in the intermediate test (T2), and
28.07 cm in the final test (T3). The progress rate between T1-T2 is 0.64 cm, between T2-T3,
3.36 cm, and between T1-T3, 4 cm. The spreading degree of the string values represented by
the standard deviation “σ” has the following values: 3.57 in the initial test (T1), 3.17 in the
intermediate test (T2), and 2.95 in the final test (T3). The coefficient of variation “Cv” has
the value of 14.85% in the initial test (T1), 12.83% in the intermediate test (T2), and 10.50%
in the final test (T3), therefore the dispersion is average, and the sample is relatively
homogeneous in all three tests. The Student’s calculated t-value between T1-T2 is 2.09, so
2.09 < 2.16 (for p < 0.05), meaning that there are no significant differences between the
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means of the two tests. The t-value between T2-T3 is 10, and between T1-T3, 10.58, so there
is a significant difference between these tests for p < 0.001.

Figure 1. Dynamics of the experimental group in the spinal flexibility test (T1, T2, T3)
Figure 2 shows that all subjects have progressed during the three tests.

Figure 2. Individual dynamics in the spinal flexibility test (T1, T2, T3)
For the left-leg split test (Tables 1-3), the value of the arithmetic mean “X” (Figure 3) is
23.57 cm in the initial test (T1), 22.5 cm in the intermediate test (T2), and 20.5 cm in the final
test (T3). The progress rate between T1-T2 is 1.07 cm, between T2-T3, 2 cm, and between
T1-T3, 3.07 cm.
The spreading degree of the string values represented by the standard deviation “σ” has
the following values: 1.63 in the initial (T1) and intermediate (T2) tests, and 1.72 in the final
test (T3). The coefficient of variation “Cv” has the value of 6.93% in the initial test (T1),
7.65% in the intermediate test (T2), and 8.39% in the final test (T3), so the dispersion is
small, and the homogeneity is high in all three tests.
The Student’s calculated t-value between T1-T2 is 6.51, between T2-T3, 11.01, and
between T1-T3, 11.52. Since 6.51, 11.01 and 11.52 > 4.22 (for p < 0.001), the differences
between these tests are significant.
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Figure 3. Dynamics of the experimental group in the left-leg split test (T1, T2, T3)
Figure 4 suggestively illustrates the individual dynamics of the subjects in this test. We
find that 100% of the subjects (14 subjects) have made progress during the three tests.

Figure 4. Individual dynamics in the left-leg split test (T1, T2, T3)
For the right-leg split test (Tables 1-3), the value of the arithmetic mean “X” (Figure 5) is
19.43 cm in the initial test (T1), 17.43 cm in the intermediate test (T2), and 15.00 cm in the
final test (T3). The progress rate between T1-T2 is 2 cm, between T2-T3, 2.43 cm, and
between T1-T3, 4.43 cm. The spreading degree of the string values represented by the
standard deviation “σ” has the following values: 2.53 in the initial test (T1), 2.68 in the
intermediate test (T2), and 2.88 in the final test (T3). The coefficient of variation “Cv” has
the value of 13.02% in the initial test (T1), 15.37% in the intermediate test (T2), and 19.20%
in the final test (T3), so the dispersion is small, and the homogeneity is high in all three tests.
The Student’s calculated t-value between T1-T2 is 11.01, between T2-T3, 14.06, and
between T1-T3, 17.67. Since 11.01, 14.06 and 17.67 > 4.22 (for p < 0.001), the differences
between these tests are significant.

Figure 5. Dynamics of the experimental group in the right-leg split test (T1, T2, T3)
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Figure 6 suggestively illustrates the individual dynamics of the subjects in this test. We
find that 100% of the subjects (14 subjects) have made progress during the three tests.

Figure 6. Individual dynamics in the right-leg split test (T1, T2, T3)
Discussion
The theoretical analysis and generalization of the experimental data allowed establishing
the effective influence of the progressive stretching method on the development of flexibility
in the coxofemoral joint and the spine after the 7 months of training performed by the
investigated subjects.
According to the data available in the literature, there are three established stretching
methods used to develop flexibility: ballistic stretching, static stretching, and proprioceptive
neuromuscular facilitation techniques, but it is not possible to determine exactly which of
them is the most effective (Roberts & Wilson, 1999). Previous studies have shown that
proprioceptive neuromuscular facilitation techniques increase flexibility more than static
stretching (Sharman, Cresswell, & Riek, 2006), but the simultaneous use of proprioceptive
neuromuscular facilitation techniques and static stretching has improved flexibility more than
dynamic stretching (Tolliver et al., 2017; Lempke et al., 2018).
The progressive stretching method, which is based on grading the intensity and time of the
actions and breaks, is less used because it needs to be allocated a longer time during the
workouts/lessons. Compared to other stretching methods, this involves tightening the muscles
against a background of increased pain, but it is effective in combating muscle fever and
improving the recovery process in the case of muscular micro-injuries (Șalgău, 2005).
In this study, we intended to investigate the efficiency of this method in developing the
joint and muscle flexibility of female students aged 18-20. The analysis and interpretation of
the experimental data resulting from the application of tests to assess the level of joint
flexibility in female students have highlighted the validity of the teaching strategy, which
confirms the hypotheses of the research.
The improvement of joint flexibility and muscle elasticity indices during the three tests
(initial, intermediate and final) emphasizes the efficiency of the progressive stretching
method.
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We believe that the information on the level of joint flexibility is an important benchmark
in designing the teaching strategy and applying it in the training sessions.
The rationalization and standardization of stretching exercises in the form of programs
adapted to the level of preparation and the age of female students, as well as their judicious
application in the training, have contributed to improving the content and methodological
efficiency of the workouts.
The topic addressed in this study may be a starting point in carrying out further research
on the efficiency of the progressive stretching method as compared to other methods for the
development of flexibility.
This research has some limitations such as:
• the participants are young female students, and therefore the findings cannot be
generalized to all populations;
• the small number of subjects participating in the experiment;
• the restricted area of applicability (cheerleading).
Conclusion
The advantage of the method used was the grading of the intensity and time of the
exercises performed, which allowed control and precision by removing the rigidity of the
execution and the unjustified muscle tension.
Developing specialized and accessible stretching programs has led to the active and
conscious participation of students in the training lessons.
Using stretching exercises and the progressive method in the training process of female
students aged 18-20 considerably complements the data existing in the literature.
By developing joint and muscle flexibility, some aspects related to the correctness in the
execution of technical elements specific to cheerleading can be solved and implicitly the
sports performance is improved.
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