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Abstract. In recent time, the specialists in the field of physical education 

and health protection have no consensus on the need to include stretching 

exercises as an obligatory type of physical activity for apparently healthy 

young people. The problem is that most university students tend to have 

sedentary lifestyle. According to some reports, this can negatively affect 

the flexibility of the hamstrings and, as a result, lead to a decrease in 

physical performance. To maintain and develop flexibility, special 

stretching techniques are traditionally used, which caused the point about 

the necessity to include them in weekly physical activity. The opposite 

position is that flexibility is perfectly developed and maintained through 

the performance of healthier types of physical activity. In this case, the 

flexibility of the hamstrings should be correlated with the amount of 

physical activity. The aim of the research was to study the relationship 

between the amount of physical activity of students and the flexibility of 

the hamstrings. To achieve this aim, a correlation study was conducted. 

The results of the study showed that there is a noticeable significant 

correlation between the total value of physical activity of students and the 

flexibility of the hamstrings. This, in turn, is an additional reinforcement of 

the position that there is no strict need to include stretching as an 

obligatory component of the physical activity of university students to 

maintain and develop the flexibility of the hamstrings. 

1 Introduction 

A sedentary lifestyle is an urgent problem for the physical health and well-being of a 

modern person. This type of behavior can be characterized as the performance of actions or 

their absence in the awakening state in the sitting, reclining and lying positions with 

metabolic processes not exceeding 1.5 metabolic equivalents (MET) [1, 2]. University 

students, due to their lifestyle, represent the part of the population that is most likely to lead 

a sedentary lifestyle [3, 4]. 

The World Health Organization (WHO) has developed recommendations on the volume 

and content of physical activity and the prevention of sedentary lifestyles for all age groups. 

The content of motor activity for adults involves the implementation of aerobic physical 

activity and strengthening exercises [5]. 
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These types of physical activity simulate the formation of specific morphological and 

functional adaptations that improve the activity of the cardiovascular and nervous systems, 

strengthen the musculoskeletal system and, as a result, improve the quality of life among 

students, their effectiveness in learning and their physical health [6-8]. Along with this, 

many researchers [9-11] point out that one of the components of working efficiency and 

physical fitness is flexibility. 

Flexibility refers to the intrinsic properties of body tissues that determine the maximum 

range of motion of joints without causing injury [10, 12]. The range of motion in a joint 

depends on two components: its own range of motion, limited by the type of joint, 

individual anatomical features of the structure of bones and their joints; ligaments, muscle 

length and compliance of the musculotendinous unit (MTU) [13], characterized by muscle 

tone, elasticity and rigidity. Flexibility measurements are used by researchers to assess the 

ability of the MTU to elongate [14]. 

It has been shown that stiffness of the hamstrings is one of the main factors that reduce 

performance in everyday life and sports activities [15]. For this reason, special attention is 

paid to the assessment of hamstring flexibility [16]. In particular, there is evidence of a 

relationship between low flexibility of the hamstrings, impaired posture and gait 

biomechanics [17]. Some studies show that a permanent sedentary lifestyle has a negative 

impact on flexibility, in particular on the flexibility of the hamstrings [18, 19]. 

Traditionally, special stretching techniques in various forms and protocols have been 

used to improve and maintain flexibility: static stretching, ballistic stretching, 

proprioceptive neuromuscular stretching [20], active isolated stretching [21], non-ballistic 

active stretching [22], etc. The American College of Sports Medicine recommends that 

adults, along with aerobic and strength exercises, pay attention to stretching exercises at 

least 2-3 times a week [23]. 

At the same time, the current WHO guidelines [5] on physical activity and a sedentary 

lifestyle do not provide a recommendation for stretching exercises. There is an evidence 

indicating that flexibility is excellently developed and maintained through other healthier 

types of physical activity, such as strengthening exercises [24]. In that respect, there is a 

contradiction regarding the consistency of opinions among experts on the need to include 

stretching exercises in the weekly physical activity of apparently healthy young people to 

maintain and develop flexibility of the hamstrings. 

It has been hypothesized that if flexibility is developed and maintained through the 

performance of healthier physical activities rather than specific stretching techniques, then 

it will be positively correlated with the amount of physical activity. 

The aim of the research is to study the relationship between the amount of physical 

activity of students and the flexibility of the hamstrings. 

2 Materials and methods 

To achieve this aim, on the basis of the Department of Physical Culture and Health 

Protection of the Institute of Education and Social Sciences of the Pskov State University, 

we conducted the study to find out the correlation between the amount of physical activity 

of students and the flexibility of the hamstrings, which was approved by the Ethics 

Committee of the Pskov State University. The method for assessing the magnitude of 

students' physical activity was self-report using the Short Version of the International 

Physical Activity Questionnaire (IPAQ-SF), and hamstring flexibility was assessed using 

the active knee extension test (AKET). 
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2.1 Organization of the research 

Apparently healthy male students (N=22) of Pskov State University were invited to take 

part in the study (Fig. 1.). They were informed about the purpose and procedure of the 

study and signed an informed consent. The inclusion criteria were: 

− absence of injuries of the lower extremities in the last 6 months, no acute and chronic 

diseases of the musculoskeletal system, no neurological conditions that can affect the 

flexibility of the hamstrings; 

−  lack of systematic (4-7 times a week) practice of stretching exercises; 

−  body mass index ≤ 29.9 kg/m2. 

 

 
Fig. 1. Design of the research. 

2.2 Measurement of anthropometric characteristics and interview 

All subjects of the research underwent a standard procedure for measuring anthropometric 

characteristics such as body weight and length, followed by the calculation of the body 

mass index (BMI), which was defined as body weight in kilograms divided by the square of 

body length in meters (kg/m2). After anthropometric measurements, the subjects were asked 

a series of questions in order to clarify their compliance with the inclusion criteria. 

2.3 Assessment of the value of physical activity 

Assessment of the value of physical activity was made by means of the automated self-

report (IPAQ-SF). It has acceptable measurement characteristics, at least as sufficient as 

other self-reports [25]. This questionnaire includes 7 questions about the time spent in 

vigorous (VPA) and moderate (MPA) physical activity, walking and sitting during the last 

week. In accordance with this information, automatic calculation of energy costs (MET 

min/wk) was carried out for three components of physical activity and their total (Total) 

value, as well as the average value of the time spent on weekdays in a sitting position (SB, 

min). Automated IPAQ-SF report in Excel format was taken from the site 

(https://sites.google.com/site/theipaq/scoring-protocol). 

In order to avoid overestimating one's own level of intense physical activity and 

underestimating moderate physical activity, which is shown in some IPAQ-SF validity 

studies [26, 27], completion of this self-report was carried out in collaboration with a 

consultant from the Department of Physical Education and Health Protection, to whom the 

subject could address for clarification. 

Invited

(N = 22)

Meet the criteria

(N = 18)

Included

(N = 17)

Valid data pairs 

were obtained

(N = 17)

Procedures: 

anthropometry

and survey

Procedures: 

IPAQ-SF and

AKET

Total excluded

(N = 4)

Reasons:

high BMI  

(N = 2);

systematically

perform stretching

(N = 2)

Total dropped out

(N = 1)

Reasons :

absent (N = 1)
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2.4 Assessment of hamstring flexibility 

Hamstring flexibility was assessed by AKET. This test provides a more isolated assessment 

of hamstring flexibility than the sit-and-reach and toe-touch tests [16]. Measurement of the 

extension angle of the left and right knee joint was carried out using a smartphone 

accelerometer. This method is an effective tool for measuring the range of motion in the 

knee joint during dynamic extensor movements [28]. 

2.4.1 Test protocol 

For the purpose of warming up and kinesthetic training, the person tested walked along the 

perimeter of the sports hall with a total distance of 150 meters. Then he took the 

preparatory position to perform AKET. In the preparatory position, 3 consecutive knee 

extensions were performed with the maximum possible, but relatively comfortable 

amplitude. The extreme position of extension was held for 5 seconds. Then the lower leg 

returned to its preparatory position. An interval of 15 seconds was maintained between 

repetitions. 

After performing the warm-up exercises and kinesthetic training, a smartphone with 

special software was fixed on the test person's lower leg, which recorded the data of the 

accelerometer indicators. The test protocol corresponded to the previously described 

parameters. Initially, the left limb was tested, and then the right limb. During the active 

knee extension, the instructor controlled the position of the torso, pelvis and hip of the test 

person in order to avoid changing the initial parameters of the posture (Fig. 2.). 

 

 
Fig. 2. Performing AKET with an instructor. 

2.4.2 Preparatory position 

The person tested was in the initial position sitting on a flat stable horizontal surface (140 × 

60 cm) at a height of 80 cm from the floor. The trunk was positioned strictly vertically 

while preserving the natural size of the physiological bends of the spine. The hip of the 

tested limb was positioned at an angle of 90° relative to the trunk and aligned parallel to the 

horizontal surface. To maintain the specified angular parameters, a fabric roller was used, 

installed under the distal part of the thigh and adjusted in height individually for each 

subject. The lower leg is relaxed and freely lowered down. 
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2.4.3 Smartphone attachment 

The smartphone was attached on the lateral part of the lower leg of the person tested by 

means of a design developed by the author, which includes: two elastic straps, a plastic 

ruler, a silicone case. The silicone case was aligned relative to the vertical and horizontal 

axes of the plastic ruler and secured to it with a double-sided adhesive tape. 

The design was fixed on the lower leg of the person tested with elastic straps holding 

the edges of the plastic ruler. The edges of the plastic ruler were oriented to the proximal 

(lateral condyle of the tibia) and distal (lateral ankle) anatomical landmarks of the shin 

bones (Fig. 3.). 

Fig. 3. Smartphone attachment. 

2.4.4 Smartphone specification 

Model: Honor 20 lite MAR-LX1H (Manufacturer Huawei, China, 2019); Size: 152.9× 72.7 

× 7.4 mm; Weight 159 grams; Processor: Hisilicon Kirin 710, 2.2 GHz; RAM: 4 GB; 

Operating System: Android version 10. 

2.4.5 Software for recording accelerometer data 

The accelerometer data was recorded using the Accelerometer Meter software version 1.32 

(http://www.keuwl.com/Accelerometer).The developer company is Keuwlsoft (the UK, 

London). The value of the parameter “ȹ” - the absolute angle of twisting – was taken as the 

angle of the knee extension. Sampling rate is 50 Hz. 

Since with the maximum extension of the knee, some dynamics of the lower leg 

oscillation is observed [29], the value of the active knee extension index was fixed for each 

limb as the average value of the extension angle for 5 seconds in the best of three attempts. 
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2.5 Statistical analysis 

Visual (histograms and normal probability graphs) and analytical (Kolmogorov-Smirnov 

and Shapiro-Wilk test) methods were used to check the normality of the distribution. Due to 

the fact that some variables did not pass tests for the normality of the distribution, the 

analysis of the level of relationship between AKET and each category of IPAQ-SF was 

carried out using Spearman’s rank correlation method. Statistical data processing and 

analysis was carried out in the STATICTICA 10 program (the developer company is 

StatSoft, the USA, Oklahoma, Tasla). Statistical significance was assumed at p≤0.05. 

3 Results 

This study involved 17 practically healthy students aged 21.3 ± 2.1 years. The general 

characteristics of the sample are presented in Table 1. 

 
Table 1. General characteristics of the sample. 

Variables N M SD Min Max 

Bodyweight, kg 17 78.7 14.8 46.0 100.0 

Bodylength, cm 17 177.1 5.8 167.0 190.0 

BMI, kg/m2 17 25.0 4.1 15.9 29.7 

Walking, MET min/wk 17 2404.1 1451.4 462.0 4158.0 

MPA,  

MET min/wk 
17 447.1 390.6 0.0 1440.0 

VPA,  

MET min/wk 
17 1007.1 731.7 0.0 2400.0 

Total,  

MET min/wk 
17 3858.3 1765.9 937.5 7038.0 

SB, min 17 585.9 112.8 360.0 720.0 

AKET (l),  17 18.1 8.6 6.1 32.5 

AKET (r),  17 17.6 9.1 2.5 30.4 

Note: N - number of observations; M - average value; SD - standard deviation; Min - minimum value; 

Max - maximum value. 

 

The group average values of the anthropometric characteristics of the sample were: 

body weight 78.7 ± 14.8 kg; body length 177.1 ± 5.8 cm; BMI 25.0 ± 4.1 kg/m2. The group 

average values of physical activity variables were: walking 2404.1 ± 1451.4 MET min/wk; 

moderate physical activity 447.1 ± 390.6 MET min/wk; intense physical activity 1007.1 ± 

731.7 METmin/wk. Physical inactivity on weekdays on average in the sample was 585.9 ± 

112.8 min. The flexibility of the hamstrings according to AKET for the left and right 

extremities was 18.1 ± 8.6° and 17.6 ± 9.1°, respectively. 

Table 2 shows the correlation between all categories of IPAQ-SF and AKET. 

 
Table 2. Correlation of variables IPAQ-SF and AKET (N = 17). 

Variables 
Walking 

 

MPA 

 

VPA 

 

Total 

 

SB 

AKET (l) -0.33 -0.42 -0.33 -0.53* 0.06 

AKET (r) -0.35 -0.33 -0.34 -0.51* -0.01 

Note: *  p≤0.05. 

 

A statistically significant correlation was found between the flexibility of the hamstrings 

of the left (-0.53) and right (-0.51) limbs according to AKET and the total amount of 

physical activity according to IPAQ-SF. The correlation has a negative value, since the 

lower the value in AKET, the more flexible the hamstrings are considered. No significant 
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correlation was found between specific API-SF categories and hamstring flexibility at the 

established significance level. The high duration of students being in a sitting position 

during the school week was not associated with the flexibility of the hamstrings. 

4 Discussion 

The aim of the research was to study the relationship between the amount of physical 

activity of students and the flexibility of the hamstrings. The results of the study allowed us 

to confirm the hypothesis of a positive relationship between the amount of physical activity 

of students and the flexibility of the hamstrings. 

The results obtained are partly consistent with earlier studies [30], where a reliable 

positive relationship was shown between MET min/wk in all categories of IPAQ-SF 

(walking, intense and moderate physical activity) and hamstring flexibility in the sit-and-

reach test in adults. In another study [31], a weak but statistically reliable relationship was 

established between the flexibility of the hamstrings of the right limb according to AKET 

and the average score on the Global Physical Activity Questionnaire (GPAQ) among 

university students. 

Group average values of hamstring flexibility according to AKET (left limb: 18.1 ± 

8.6°; right limb: 17.6 ± 9.1°) correspond exactly to the average normative value (17.8 ± 9.1) 

for males aged 18-24 years [16], in some cases there were no values of the knee extension 

angle >33.0, which could indicate hamstring stiffness. Thus, students who did not perform 

systematic stretching exercises and were in a sitting position for a long time on weekdays 

(585.9 = 112.8 min) had acceptable indicators of hamstring flexibility. However, students 

who devote more time to physical activity are likely to have more flexible hamstrings. 

The main difference from the results obtained by other researchers is that no reliable 

correlation was found between the volume of a specific component of physical activity 

according to IPAQ-SF and the flexibility of the hamstrings. However, this does not at all 

refute the existence of this relationship. The obtained values of the correlation between the 

total amount of physical activity and the flexibility of the hamstrings are also higher than in 

early studies, which may be due to various reasons. 

The small sample size did not allow the subjects to be divided into more homogeneous 

subgroups to compare the benefits of certain types of physical activity or their absence on 

the flexibility of the hamstrings in students. It should also be noted that the subjects 

practicing resistance training (N=3), when filling out IPAQ-SF, faced difficulties in 

interpreting the duration and intensity of their classes, which is caused by the presence of 

rest intervals between approaches and exercises. It was decided to include the main part of 

the training in the intensive physical activity section entirely, which could contribute to the 

overestimation of this category of IPAQ-SF in these subjects. The question of objective 

accounting of resistance training in IPAQ-SF remains open. 

5 Conclusions 

The total amount of physical activity of students is positively associated with the flexibility 

of the hamstrings. The results of the study have theoretical significance, as they allow 

physical education teachers at university, based on scientific data, to give sound 

recommendations to practically healthy students regarding the optimal content of their 

weekly physical activity, which do not imply strictly mandatory inclusion of stretching 

exercises to maintain and develop flexibility of the hamstrings. 
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