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Abstract: 
Purpose: this study analyses the dynamics of indicators of active and passive flexibility in the joints of the upper 

extremities in girls aged 15-16 years after an annual cycle of extracurricular stretching classes. 

Design/methodology/approach: during the school year, 35 high school girls were involved in extracurricular 

stretching classes three times a week. Classes lasted for 90 minutes and had a traditional structure: preparatory, 

main and final parts. We investigated the effect of stretching exercises on active and passive flexibility in the 

joints of the upper extremities using the goniometry method. Findings: goniometric measurements after a one-

year cycle of stretching classes proved the effectiveness of the implemented extracurricular program. Having a 

systematic training throughout the year, girls aged 15-16 years improved flexibility in the joints of the upper 

extremities, statistically significantly increased the movement amplitude in the joints of the upper extremities. It 

can be argued that specially organized motor activity in the form of stretching classes changes the mobility 

indicators of the joints of the upper extremities. Such changes are an indicator of preventive measures against 

domestic injuries. Research and practical limitations/implications: the results of our study confirm the 

effectiveness of implementing extracurricular stretching classes in secondary schools. It should be also stated the 

limitation includes a relatively small sample size for statistical measurement, but it does not significantly affect 

the results of the study. Originality/value: lots of scientists study the role of stretching classes mainly in a sports 

environment, however, we investigated the health-improving effect of using stretching classes to increase motor 

activity and improve the quality of life of high school girls, but not athletes. 

Keywords: high school girls; stretching classes; active and passive flexibility, motor activity 

 
Introduction 

Many students and teachers underestimate the importance of flexibility in the framework of school 

physical education, although in some movements it plays a fundamental role. The development of flexibility can 

be effective in helping young people to achieve desired goals in various types of sports, affecting the level of 

sportsmanship, and preventing sports as well as domestic injuries (Motahari-Tabari 2017). 

According to the results of the study (Judge et al.2020) 95.4% of surveyed trainers include stretching 

exercises in the post-competition and pre-competition periods. Developing muscle elasticity through stretching is 

one of the most important aspects of training (Rogan et al.2016). Underestimating this factor can lead to injuries 

and other diseases of the musculoskeletal system (Di Mauro 2016). Exercises for developing muscle elasticity 

are recommended to be used to maintain or optimize the movement amplitude in people who are professionally 

engaged in sports (Ferrara et al. 2019). However, the majority of scientists study the role of stretching classes 

mainly in a sports environment(Fakhro 2020), it is necessary to investigate the health-improving effect of 

stretching to increase motor activity and improve the quality of life of high school children, but not athletes. 

The study of the World Health Organization shows a tendency of physical activity decrease among youth 

all over the world, while it is noted that girls have significantly lower physical activity than their male peers. The 

global guidelines state that young people under the age of 17 should be physically active for at least 60 minutes a 

day (moderate intensity) and engage in high-intensity exercise at least three times a week. In addition, the 

traditional physical education program does not provide high school girls with sufficient information on the 

impact of exercise on their reproductive health. Thus, the involvement of girls in extracurricular forms of 

physical education classes will allow to apply an individual approach more widely, taking into account the 

specific features of the formation of the female body. 

The significance of the research topic is due to the following contradictions: 
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- between a significant number of studies on the physical health of children and disappointing statistics of 

the youth health conditions; 

- between the need to improve physical education of young people and students ' attendance at physical 

education classes; 

- between the desires of high school girls to improve their physical fitness level and methodological 

justification of the stretching program for developing flexibility; 

- between fragmented scientific research on the development of flexibility and the lack of methods for 

developing flexibility by means of stretching. 

Thus, the purpose of this study is to analyse the dynamics of indicators of active and passive flexibility in 

the joints of the upper extremities in girls aged 15-16 years after an annual cycle of extracurricular stretching 

classes. 

 

Material & methods  

Participants 
The study involved 35 high school girls aged 15-16 years, who were participated in extracurricular 

stretching classes at the secondary school. All participants and their parents were informed about the purpose and 

objectives of the study, and informed consent was obtained. The individuals involved in the study were 

normotensive, without any cardiovascular diseases, metabolic disorders, neurological disorders, injuries or 

disorders of the musculoskeletal system. The research related to human use has been complied with all the 

relevant national regulations and institutional policies, has followed the tenets of the Declaration of Helsinki, and 

has been approved by the Human Research Ethics Committee of Lesya Ukrainka Volyn National University.  

Procedure/Test protocol/Skill test trial/Measure/Instruments 
During the school year, 35 high school girls were involved in extracurricular stretching classes three times 

a week. Classes lasted for 90 minutes and had a traditional structure: preparatory, main and final parts. We 

investigated the effect of stretching exercises on active and passive flexibility in the joints of the upper 

extremities using the goniometry method at the beginning of the study (before systematic stretching) and at the 

end of the study (after a formative experiment – a summer cycle of stretching). The proposed extracurricular 

form of classes corresponds to the age characteristics of girls’ development and the specifics of material and 

technical support of secondary schools.  

Data collection and analysis / Statistical analysis 
Using the MedStat program, for a variation series whose distribution does not differ from the normal one 

at the significance level p ≥0.1, arithmetic mean values (X), standard deviations (δ) and errors (m) were 

calculated. The statistical significance of the difference between the indicators was analyzed by the Student's 

criterion (p<0.01). 

 

Results 
There are active and passive forms of flexibility. Active flexibility is the ability of a person to achieve a 

large (maximum) movement amplitude performing exercises independently without an external force, by 

independent tension (contraction) of muscle groups that perform movements in a particular motor segment. 

Passive flexibility is the ability to perform movements with the greatest movement amplitude under the 

influence of external forces: the efforts of a partner, the weight of one's own body, special devices that have a 

direct physical impact on a particular motor segment. 

Comparison of these indicators makes it possible to identify a "lack of flexibility", in other words, the 

presence of a reserve for developing flexibility by stretching. 

Goniometric measurements of active flexibility indicators in the shoulder joints showed symmetry of the 

motor range during flexion, abduction, and adduction. Asymmetry in the extension of shoulder joints of the right 

and left arms was found (p<0.01) [Table 1].  

 

Table 1. Results of goniometric measurements to determine the movement amplitude in the 

shoulder joint at the beginning of the study (active flexibility) 
Movement 

amplitude 

A right side A left side р   

Х δ m min max Х δ m min max 

Flexion 177,3 3,07 0,52 170 180 177,3 3,09 0,52 170 180 =0,936 

Extension 42,8 5,59 0,95 30 56 41,7 4,89 0,82 32 54 <0,01 

Abduction 177,1 3,28 0,56 170 180 176,7 2,92 0,49 170 180 =0,627 

Adduction  36,3 4,3 0,73 28 45 35,1 3,02 0,51 30 40 =0,186 

 

According to the results obtained when determining the movement amplitude in the elbow joints, all 

participants in the study showed the maximum physiologically possible movement amplitude. Analysis of 

goniometric measurements on the right and left showed symmetry of movements [Table 2]. 
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Table 2.Results of goniometric measurements to determine the movement amplitude in the elbow 

joint at the beginning of the study (active flexibility) 
Movement 

amplitude 

A right side A left side 

Х δ m min max Х δ m min max 

Flexion 146,8 3,56 0,6 140 154 146,4 3,43 0,58 140 150 

Pronation 90 0 0 90 90 90 0 0 90 90 

Supination 90 0 0 90 90 90 0 0 90 90 

According to the evaluation of wrist jointmovements, all girls who participated in the study performed 

movements symmetrically when flexing and extending the joints. Statistically significant (p<0.01) asymmetry 

was observed in abduction and adduction of wrist joints  

[Table 3]. 

 

Table 3.Results of goniometric measurements to determine the movement amplitude in the wrist 

joint at the beginning of the study (active flexibility) 
Movement 

amplitude 

A right side A left side р   

Х δ m min max Х δ m min max 

Flexion 81,6 6,44 1,08 70 94 80,8 5,47 0,93 70 90 =0,168 

Extension 65,6 5,76 0,97 50 78 65,6 5,99 1,01 54 80 =0,953 

Radial abduction 24,6 3,19 0,53 18 30 23,7 2,76 0,46 18 28 <0,01 

Elbow adduction 31,5 2,73 0,46 25 38 30,8 2,41 0,41 26 37 <0,01 

Passive flexibility was determined using the same methods as active flexibility. The obtained data show 

the symmetry of movements in the shoulder joint in all the studied planes of motion [Table 4]. 

 

Table 4. Results of goniometric measurements to determine the movement amplitude in the 

shoulder joint at the beginning of the study (passive flexibility) 
Movement 

amplitude 

A right side A left side р   

Х δ m min max Х δ m min max 

Flexion 180,0 0 0 180 180 180,0 0 0 180 180 =1,0 

Extension 45,6 4,97 0,84 35 57 44,7 4,32 0,73 36 55 =0,047 

Abduction 180,0 0 0 180 180 180,0 0 0 180 180 =1,0 

Adduction  39,5 4,18 0,7 32 48 38,8 2,73 0,46 32 44 =0,452 

Determining an active movement amplitude of elbow joints, we noted the maximum physiologically 

possible indicators in all examined study participants. In this regard, we did not measure passive mobility in 

elbow joints. As for active mobility in the wrist joints, a statistically significant (p<0.01) asymmetry of 

movements was recorded during goniometry of the abduction. Studying the amplitude of passive movements in 

other planes of motion, we confirmed symmetry in movements in flexion, extension and adduction [Table 5]. 

 

Table 5. Results of goniometric measurements to determine the movement amplitude in the wrist 

joint at the beginning of the study (passive flexibility) 
Movement 

amplitude 

A right side A left side р   

Х δ m min max Х δ m min max 

Flexion 85,5 5,95 1,01 74 96 84,0 5,57 0,94 73 93 =0,023 

Extension 68,6 5,26 0,88 55 80 68,3 5,61 0,94 60 82 =0,489 

Radial abduction 26,3 2,48 0,42 22 31 25,3 2,41 0,41 20 29 <0,01 

Elbow adduction 33,0 2,26 0,38 28 38 32,7 2,1 0,35 27 38 =0,082 

We studied the active movement amplitude of joints to determine the degree of flexibility development 

after a one-year course of stretching classes. Goniometric measurements of active range of motion of shoulder 

joints in the right and left arms indicated that the movements were symmetrical, the amplitude indicators 

increased in all studied planesof motion ( p<0.001) [Table 6]. 

 

Table 6. Results of goniometric measurements to determine the movement amplitude in the 

shoulder joint at the end of the study (active flexibility) 
Movement 

amplitude 

A right side A left side р 

Х δ m р  (in comparison 

with the results at 

the beginning of the 

study) 

Х δ m р  (in comparison 

with the results at 

the beginning of the 

study) 

 

Flexion 180 0 0 <0,001 180 0 0 <0,001 =1,0 

Extension 52,9 3,68 0,62 <0,001 52,7 4,89 0,82 <0,001 =0,47 

Abduction 180 0 0 <0,001 180 0 0 <0,001 =1,0 

Adduction  42,5 2,13 0,36 <0,001 42,5 2,03 0,34 <0,001 =1,0 
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The movement amplitude in elbow joints did not change statistically (p>0.4) at the end of the study. There was 

no pathological increase in the range of motion [Table 7]. 

 

Table 7. Results of goniometric measurements to determine the movement amplitude in the elbow 

joint at the end of the study (active flexibility) 
Movement 

amplitude 

A right side A left side р 

Х δ m р (in comparison 

with the results at 

the beginning of the 

study) 

Х δ m р (in comparison 

with the results at 

the beginning of the 

study) 

Flexion 147,

3 

2,97 0,5 =0,493 147,0 3,03 0,51 =0,444 =0,656 

Repeated goniometric measurements of the amplitude of active movements in wrist joints showed that 

the movements in all planes of motion were symmetrical. Flexion, extension, and abduction rates had a 

statistically significant increase. Adduction rates in wrist joints of the right and left arms did not change 

statistically (>0.01) after a one-year stretching cycle [Table 8]. 

 

Table 8. Results of goniometric measurements to determine the movement amplitude in the wrist 

joint at the end of the study (active flexibility) 
Movement 

amplitude 

A right side A left side р 

Х  δ m р (in comparison 
with the results at 

the beginning of the 

study) 

Х  δ m р (in comparison 
with the results at 

the beginning of the 

study) 

Flexion 92,8 4,39 0,74 <0,001 92,8 4,53 0,76 <0,001 =1,0 

Extension 75,4 4,21 0,74 <0,001 75,2 4,71 0,79 <0,001 =0,47 

Radial 

abduction 

26,4 2,35 0,39 <0,001 26,1 1,77 0,29 <0,001 =0,104 

Elbow 

adduction 

31,6 2,7 0,45 =0,159 31,1 2,41 0,41 =0,359 =0,058 

 

Discussion  
During the primary goniometric measurement of the amplitude of the movement in joints of upper 

extremities in high school girls, it was found out that during active movements there is a certain asymmetry: in 

shoulder joints during extension; in wrist joints during abduction and adduction (p <0.01). As for the passive 

range of motion, asymmetry in the movements of the joints of the upper extremities was observed in wrist joint 

abduction. Determination of the active mobility deficit, on the one hand, characterizes personal reserve 

capabilities to increase active flexibility, and on the other hand, it can indicate the likelihood of injuries and 

disorders of the musculoskeletal system (Andrijchuk 2016). 

According to the data, the initial asymmetry of movements in the right and left arms should not be 

increased during stretching. The obtained indicators are an important diagnostic criterion for the formation of a 

set of exercises, emphasize the importance of following the rules for performing stretching and are a signal for 

timely monitoring of flexibility indicators(Matsuo 2019). 

Planning and implementing the program of extracurricular activities we followed the rules for drawing 

up a set of stretching exercises (Aftimichuk 2020): 

- symmetry - during stretching classes, it is necessary to monitor the symmetry and uniformity of the 

load when performing exercises to avoid an imbalance of the right and left halves of the trunk; 

- sequence of stretching exercises - exercises for the joints of the upper extremities, exercises for the 

trunk, exercises for the joints of the lower extremities; 

- variability of sets of exercises; 

- regulation; 

- cyclicity; 

- combination with strength exercises. 

Repeated goniometric measurements after a one-year cycle of stretching classes proved the 

effectiveness of the implemented program. The movements in all studied joints were symmetrical. Pathological 

movements and hypermobility of the joints were not detected. The amplitude of active movements in shoulder 

joints in all planes of motion changed statistically significantly (p<0.001). The movement amplitude (flexion) in 

elbow joints did not change statistically (p>0.4). The amplitude of active movements in wrist joints during 

flexion, extension and abduction changed statistically significantly (p<0.001), and as for elbow adduction, the 

difference between the indicators is statistically insignificant (p>0.1).  

The implemented extracurricular program showed the effectiveness of stretching among girls aged 15-

16 years, in particular, active flexibility in the joints of the upper extremities increased statistically significantly. 
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In addition, the absence of pathological movements and traumatic injuries is proof of the health-improving 

effectiveness of the program. Thus, stretching as a means of diversifying specially organized physical activity 

among adolescents can be implemented in a school environment. 

 

Conclusions 

In summary, systematic stretching classes during one academic year increased the amplitude of active 

movements in shoulder joints and most movements in the wrist joints. In addition, compliance with the correct 

organization of exercises and the principles of dosage of physical capacity helps to eliminate the asymmetry of 

movements in the joints of the upper extremities. 

The practical significance of the presented results will contribute to a broader implementation of 

stretching to diversify the physical activity of adolescents and reduce the level of physical inactivity. 

The dynamics of indicators of active flexibility in the course of the annual cycle of stretching classes is 

analyzed and data on motor activity and range of motion in the joints of the upper extremities of Ukrainian girls 

aged 15-16 years are presented. These data can serve as a basis for further study of the features of the 

functioning of the musculoskeletal system of people of different age groups and gender. Moreover, obtained 

results will be valuable to compare the impact of stretching and other types of physical exercises on active 

flexibility and range of motion. 
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