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Abstract
Introduction: The jump is one of the most important parameters in volleyball. Often, warmup exercise strategies are based on static stretching. The aim of the study is to show whether
the static stretching of muscles of the lower limbs influences the jump parameter of volleyball
players.
Methods: The study included 25 players (16-17 years) from the club AKS ResoviaRzeszów.
The study consisted of two measurements (M1 and M2) with intervention conducted between
them. The vertical jump and heel to buttock tests were performed. Quadriceps femoris,
iliopsoas and gastrocnemius were subjected to static stretching.
Results: Statistically significant differences in the heel-buttock test between the M1 and M2
for both right and left lower limbs were found. The average distance between the
anthropometric points in M1 for the left lower limb was 14.54±6.16 cm. This tendency was
similar to the right lower limb. After the intervention in M2, the average distance was
11±6.06 cm. A significant reduction of the value of the vertical jump after the intervention
has been noted. The average value of the jump before the intervention was 325.64±10.15 cm.
In M2 the mean value was 324.24±9.81 cm. The difference between M1 and M2 was
statistically significant.
Conclusions: It has been found that in the study group static stretching had negative influence
on the jump parameters directly after performing it. A positive effect of static stretching on
increasing the range of mobility of the knee joint was noted.
Keywords: heel-buttock, static passive stretching, test vertical jump, volleyball
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Introduction
Jump height is one of the most often sought-after parameters in numerous sport disciplines,
such as volleyball for instance. In the case of volleyball players, jumps are an essential
movement action during the game. The myotatic reflex is a crucial muscle work mechanism
employed during the natural movement functions [1].The effect of muscle work, which results
in increased strength, power and speed of contraction, is greater if the stretch phase precedes
the contraction phase [2].Due to the fact that different stretching methods influence the
physiological muscle parameters in different ways, the research results of the influence of
stretching on muscle power is not definite [3].
The height of a stationary vertical jump with arm swings is either one of the elements
indicating motor potential or is directly regarded as a measure of jumping ability [4].Jumping
ability is one of the most important strength-speed indicators in volleyball. It appears in many
forms depending on the element of the game. It is correlated with the explosive muscle
strength and despite the fact that side-jumping and jumping to attack are technically different
elements, their physiological mechanisms are almost identical [5]. It has been proven that
there is a distinct correlation between jump height results and the explosive strength of limb
muscles. The increase of explosive strength of the lower limbs is accompanied by an increase
in jump height [6].
Warming up is an essential element of training in any sport, because it accelerates the
sportsperson’s adaptation to exercise and reduces the risk of injury [7]. As a result of the
research carried out by Maiiou, Obałkowska, Subasi et al., who performed it on a group of
aerobics instructors, they have confirmed the positive influence of warm-up and stretching
exercise on the motor system[8,9,10]. As such, introducing static stretching exercise into the
warm-up phase has become the norm [11,12]. However, there is a question if this exercise is
definitely beneficial?
In spite of the fact that static stretching improves muscle flexibility, its positive influence on
jump height is doubtful [13].Research results regarding the influence of stretching on the
jump quality differ and do not present an answer to the question whether its introduction is
justified. Reid et al. believe that static stretching has a positive influence, both on the increase
of mobility range as well as the jump capabilities of the player [14]. Darymple et al. share this
idea claiming that static stretching does not have any negative consequences as far as jump
parameters are concerned [15]. According to Vuk et al., the time spent on stretching a given
muscle group has a different influence on muscle efficiency. When the stretching lasts 60
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seconds, a negative influence on muscle strength is observed [16,17], whereas stretching that
lasts between 15 and 30 seconds has less or no negative effect on their strength [18]. Robbins
et al. present the results of research, conducted among a group of men (training athletics and
football players), which show a decrease or no improvement with reference to jump ability as
a result of static stretching [19,20]. Moreover, Bishop shows that the positive effects of
stretching last up to 5 minutes, after that time no positive influence on long-term activity is
observed [21]. Morrin and Redding, who are between these two schools of opinion, claim that
the best effects on improving mobility as well as jump ability can be achieved by combining
static and dynamic stretching. According to the researchers, only such a combination of the
two may bring a positive effect whereas choosing only one will always bring deficiency of
movement or physical ability [22]. Furthermore, other research shows that taking part in a
standard warm-up after static stretching, which would be a kind of pre-training prevention,
may reduce its negative influence on generating muscle strength [23,24]. Based on analysis of
the conducted research on the subject, Behm et al. note that the results are not definite and the
difference in the movement range is between +5% and -20,5% [17]. They also suggest that the
variety of results is a basis to continue the research in this field.
Due to the difference in research results concerning the influence of static stretching on the
explosive strength of lower limbs, we have decided to carry out research on a group of
volleyball players. The aim of the study is to show the influence of 60 second static stretching
of Quadriceps femoris, Iliopsoas, Gastrocnemius and Soleus (knee joint extensor, hip joint
flexors and foot plantar flexor) on the height of vertical jump and results of the heel-buttock
test among 16-17 aged volleyball players.
Methods
The research was conducted in “AKS ResoviaRzeszów” volleyball club after gaining
approval to do so from the coach. The club counts 32 players. The following inclusion criteria
has been designed in order to participate in the study: 16-17 years old, regularly taking part in
training (at least 3 times a week) during the last 2 years, up to date medical examination and
approval from a sport medicine physician, a health status enabling a safe intervention,
voluntary informed consent of the player or a parent/legal guardian. The exclusion criteria
included recent injuries of the musculoskeletal system, which would exclude the player from
training, infections and severe inflammations which would cause a temporary lack of
disposition of the player during the research.
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In total, 25 boys aged 16-17 (Mean = 16.6; SD = 0.5), who were active in the preparation
period of the yearly training cycle (2019/2020) took part in the research. The average weight
of the players was 77,4kg (SD = 7.72kg) and height was 190.3cm (SD = 5.87cm). The mean
BMI was 21.4 (SD = 1.68).7 club players did not take part in the research (3 did not
participate in training during the research, 2 did not give consent for taking part in the
research, 2 had a recent injury) (Fig.1). All of the participants trained regularly for an average
of 16 hours per week for two years preceding the research.

Fig. 1. Flow diagram of the study.
The research wasperformed during one day in the afternoon among all players. It consisted of
two measurements (M1 and M2) as well as an intervention conducted between them. Before
starting the research, a standard warm-up was executed by the coach (in order to provide
conditions close to normal), but without static stretching exercises at the end. The warm-up
lasted for about 20 minutes and comprised running and development exercise typical for
volleyball. There was no stretching exercise.
In order to conduct measurements (M1 and M2) the following tests were performed:
1) The heel-buttock test [25]
The purpose of this test was to evaluate the flexibility of the rectus femoris muscle. It was
carried out in the prone position. The researcher kneeled on contralateral side to the tested
limb. The researcher stabilized the participant's pelvis with the forearm. The player's foot was
placed in the researcher’s elbow fossa. The knee was actively flexed by the researcher until
the soft tissue barrier was reached. The researcher used a centimeter measuring tape to
measure the distance between the heel and the buttock. In order to increase the accuracy of
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the measurement, the researcher chose a specific point to place the tip of the tape – the
crossing of the line running up the anterior superior iliac spine with the perpendicular line
linking femur trochanters. The purpose of this test was to determine the influence of the
stretching exercise on the tension of quadriceps muscles as well as the range of motion of the
knee joint.Evaluation of the measurement was done twice by the same researcher in order to
achieve the lowest possible subjective error. The results were recorded by the second
researcher right after the evaluation. Better result (shorter distance between those two points)
was analyzed. The first researcher did not have insight into the results to avoid manipulation
[25].
2) Vertical jump [26]
This action is started from upright position. Right handed players start their run up with left
leg, while left handed players with right. Spike attack consists of 3 step approach
accompanied with arms swing. Next quick vertical jump is performed with dominant arm
swinging backwards and then forwards during maximum jump height.
After the heel-buttock test, the players performed vertical jumps three times in one-minute
intervals, by jumping to attack, which is characteristic for volleyball. The first jump was
preparatory.Their jump height was measured by the use of a Vertec jump test device. While at
the top point of the jump, the players touched bars determining the jump height. This allowed
for the measurement of the reach of the player’s upper limbs at the highest point. The reach
was measured twice, each time after the heel-buttock test by the same researcher (overall six
jumps were done). Each time a better result was analyzed [26].
The intervention was prepared based on the research of Galetin et al. [27], who also tried to
determine the influence of stretching exercise on jump ability.
Intervention process:
Stretching the Quadriceps and Iliopsoas muscles (60 seconds for the left and right lower
limb).
Implementation: Initial position – kneeling on one leg, back to the wall, trail leg bent at the
knee, front part of the lower leg and dorsal part of the foot adjacent to the wall. Movements:
pelvis retroflection, torso straight.
Stretching Gastrocnemius muscles (60 seconds, both sides).
Implementation: Initial position – standing position, the forefoot on the lowest bar of the
ladder with the knee joints straightened. Movements: the heels moving towards the floor
(until dorsal bend of the foot is reached). Maintaining the position for 60 seconds.
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Stretching Soleus muscles (60 seconds for the right and left lower limb).
Implementation: Initial position – kneeling on one leg, facing the wall, trail leg bent at the
knee joint. The distance between the wall and toes of the trail leg should be equal to two fists
of the player. Movements: deepening of the dorsal bend of the trail leg’s foot by motioning
the knee towards the wall without detaching the heel from the floor.
Additional information regarding each player’s height and mass was gathered.
According to the Declaration of Helsinki, all participants were informed of the purpose and
course of the research and they gave conscious consent to participate in the research. The
research project was approved by the Bioethics Commission of the Rzeszow University
(Decision no. 2019/05/31a).
Statistical analysis
The gathered data was analyzed with the use of Statistica Dell Inc. (2016) software. Dell
Statistica (data analysis software system), version 13. Descriptive statistic measures were
implemented for the initial data analysis. The t-Student test was used to compare results
before and after the intervention for dependent samples. A statistical significance level of
p<0.05 was used.In order to measure the normality, the Shapiro-Wilk test was used.

Results
Regarding the study group, the results of the heel-buttock test for the left lower limb ranged
between 1 and 23 centimeters. The average distance between anthropometric points in the M1
measurement of the heel-buttock test for the left lower limb was 14.5±6.2 cm. After
intervention in the M2 measurement the minimum value remained the same, but the
maximum value decreased by 3 centimeters. The average distance between anthropometric
points in the heel-buttock test for the left lower limb was 11±6.1 cm. The difference between
M1 and M2 was statistically significant (p<0.0001) (Tab. 1).
This tendency was similar with the right lower limb. The results of the heel-buttock test for
the right lower limb ranged between 1 and 25 centimeters. The average distance between
anthropometric points during measurement M1 in the heel-buttock test for the right lower
limb was 15.2±6.4 cm. After intervention in the M2 measurement the minimum value
remained the same, but the maximum value decreased by 7 centimeters. The average distance
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between the anthropometric points in the heel-buttock test for the right lower limb was 11.5±
5.1 cm. The difference between M1 and M2 was statistically significant (p<0.0001) (Tab. 1).

Tab. 1. The heel-buttock test – left/right lower limb.
The

heel-buttock

test,

right/left

Average

Median

Min

Max

lower limb (cm)

Lower

Upper

quartile

quartile

SD

p - value

Left lower limb
before
intervention
after intervention

14.5

16.5

1.00

23.0

13.0

18.0

6.2

11.0

13.0

1.00

20.0

9.0

15.0

6.1

<0.00011

Right lower limb
before
intervention
after intervention
1

15.2

15.0

1.00

25.0

13.0

20.0

6.4

11.5

13.0

1.00

18.0

9.0

15.0

5.1

<0.00011

- T test for dependent samples, SD- standard deviation

A significant lowering of the height of vertical jump after intervention was noted. The average
jump value in the study group in the M1 vertical jump measurement was 325.6± 10.2 cm.
After executing the intervention in measurement M2, the average vertical jump value was
324.2±9.8 cm. The difference between M1 and M2 was statistically significant (p=0.0003)
(Tab. 2).
Tab. 2.The vertical jump measurement.
Vertical jump
measurement (in

Lower

Upper

quartile

quartile

342.0

319.0

332.0

10.2

341.0

317.0

329.0

9.8

Average

Median

Min

Max

325.6

326.0

301.0

324.2

325.0

301.0

cm)
before
intervention
after intervention
1

SD

pvalue

0.00031

- T test for dependent samples, SD- standard deviation

What is more, Figure 2 also shows value of the height of the vertical jump for each of the
players in the study group.
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Fig. 2. The value of the height the vertical jump.
Discussion
The aim of this research was to evaluate the influence of static stretching of Quadriceps
femoris, Iliopsoas, Gastrocnemius and Soleus on the height of the jump parameter, which
subsequently corresponds to the attack or block range in volleyball.
The conducted research indicated that static stretching had a negative impact on the maximum
height of the players’ jump. Despite gaining a higher range of motion in the joints of the
lower limbs, the participants presented worse jump parameters after the intervention.
However, Jang et al.came to a different conclusion. Their results came from researching 16
badminton players, who executed different stretching types (static, dynamic, dynamic with
resistance) after which the attack jump value was measured during the game. According to
their findings, the choice of the method was not crucial as each of them had a positive
influence on the vertical jump height. Their research showed that static stretching had
improved this parameter by over 22% [28]. Lima et al., studied the influence of static and
ballistic stretching on the jumping capabilities of ballet dancers. The study group performed 6
stretching exercise which concentrated on the quadriceps and popliteus muscles. Lima et al.
proved that stretching does not have a negative impact on the jump parameter [29]. Moreover,
Álvarez-Yates and García-García also obtained different results. Based on their research
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conducted among 16 rowers, they surmised that static stretching might have a positive
influence as not only does it not disturb but improves the strength-speed parameters [30].
On the other hand, further researchers confirmed results recorded in our research. Silva et al.
subjected muscles of the sole of the foot to bending among 17 young men. They performed
one-legged jumps before and after intervention. Based on their results, the authors decided
that static stretching resulted in a greater mobility rate in the hock joint from 21 ± 4 ° to 26.5
± 5 °, but at the same time it worsened the jump parameters. The authors explained that this
was a result of the increase in mobility rate, which decreased the peak muscle strength as well
as the movement initiation capabilities [31]. Galetin et al. also confirmed the negative effect
of static stretching on jump ability. When studying a group of 61 female volleyball players,
they compared the effect of static stretching of the lower limbs performed for 30, 60 or 90
seconds on the jump parameters. The “Probotics” 8602 Esslinger Court Huntsville Al 25802
was used to gather the data regarding jump abilities. The results indicated that regardless the
length of time the static stretching was performed, jump parameters decreased. This
dependence was statistically significant (p=0.000). The authors also suggested, avoiding static
stretching directly before dynamic activities as they led to a decrease of strength and speed
[27]. Bogdanis et al. came to similar conclusions comparing the influence of interrupted and
continuous static stretching on the jump parameters of 16 junior-high participants. They
proved that constant static stretching led to an increase in knee joint mobility, which was
analyzed using a modified Thomas test. Moreover, continuous static stretching led to a
decrease of vertical jump. The jump was measured using the ErgoJumpBosocosystem
platform [32]. Oliveira et al. also showed a dependency among 12 football players between
stretching and jumping. An intervention was performed, which consisted of a 13 minute static
stretching session. Next a mobility and jump measurement were made. The mobility
measurement was made through a sit and stretch test. The researchers noticed that static
stretching positively influenced the improvement of the mobility range whilst at the same
time decreased jump parameters [33].
The limitation of the study is the performance of a test to assess the flexibility of a selected
muscle group and the small group of subjects analyzed.The obtained results suggest that
future research should introduce the evaluation of more biomechanical parameters to assess
the effect of static stretching on the jump parameter, as well as evaluate it at various time
intervals. The use of more sensitive measuring devices is also worth considering. A more
detailed explanation of the influence of static stretching on the actual jump parameter is very
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important, because the warm-up of players usually ends with static stretching of the muscle
groups of the lower limbs.
Conclusions
On the basis of the conducted research, it has been found that in the study group static
stretching of Quadriceps femoris, Iliopsoas, Gastrocnemius and Soleus had negative influence
on the jump parameters directly after performing it. However, it is worth noting, that static
stretching helps increase the range of motion of the knee joint. Further research investigating
the correlation between the mobility increase in the joint and the jump ability is
recommended. Due to the discrepancy in the results of multiple researchers, it is advised to
perform more studies focused on showing the significance of performing static stretching
before physical exertion requiring effective elements of jumping.
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