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Abstract
Background 
and Study 
Aim

Falling is an increasingly frequent problem. Assessment of the ability to control the body parts that 
are most susceptible to injury during a fall is the primary goal of prevention of fall-related injuries. 
The susceptibility test of the body injuries during a fall (STBIDF) is of note. To date, investigations 
of the STBIDF have been limited to validity assessment. Aim. Verify the reliability and objectivity of 
the STBIDF test. 

Material and 
Methods

Thirty-five female physiotherapy students participated in this study voluntarily. The sample was 
selected from 45 males and females undertaking their first-degree studies during the fifth semester 
of 2017–2018 at Podhale State College of Applied Sciences (PSCAS) in Nowy Targ, Poland. The 
STBIDF questionnaire was applied. Each student was recorded during STBIDF test performance. The 
STBIDF reliability assessment was performed using the test-retest method. The STBIDF objectivity 
assessment was performed using the Delphi method, with a panel consisting of three experts. 

Results A significant correlation (rs = 0.865, p < 0.001) between the IndexSBIDF scores for the test and retest was 
observed. The Wilcoxon signed-rank test result did not reveal any significant differences between the 
test and retest. 

Conclusions The STBDIF is characterized by reliability and objectivity; therefore, it is a good tool for analysis of 
the susceptibility to injury of the body parts most exposed during falls in people from different risk 
groups. This non-apparatus test is a reliable and easy to use tool, available for experts dealing with 
falls and their consequences, and preventive approaches. It can also be used in medical, pedagogical, 
and athletic environments.

Keywords: safe fall, concordance of assessments, motoric simulations, different risk groups

Introduction1

Falls are a growing social [1-3] and economic [4, 
5] issue. According to the World Health Organization 
(WHO), every year 646, 000 people die due to falls 
and 37.3 million require medical care [6]. The global 
rankings of injuries from 2017, that compares 
causes of death, years lived with disability (YLDs), 
and disability-adjusted life years (DALYs), classifies 
falls as the first to third most frequent cause of 
these incidence [7]. Dobosz et al. [8] identified that 
the surface on which people fall determines the 
consequences of falling. According to this ranking 
[7], Central and Eastern Europe are the leaders, with 
the rate of falls lowest in sub-Saharan Africa.

The Fall Prevention Model developed by the WHO 
is composed of three pillars. The first pillar involves 
building awareness of fall prevention. The second 
pillar involves improvement of recognition and 
assessment of risk factors for falls. The third pillar 
involves the development and implementation of 
realistic and successful interventions [9]. The second 
pillar is based on the paradigm that it is possible to 
© Jarosław Klimczak, Michał Oleksy, Bartłomiej Gąsienica-Walczak, 
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eliminate falls from one’s life or maximally limit 
their incidence, and this criterion is dominant in 
preventive programs. In our opinion, combining the 
programs aimed at fall limitation with the programs 
aimed at teaching safe fall techniques is the most 
optimal solution [10].

Jaskólski and Nowacki [11] have developed the 
theory of “soft falling”. Thanks to their well-justified 
premises, they combine the sense of body injury 
prevention in cases of balance loss, falls and contact 
with the surface, with the ability to lose energy during 
falls. Mroczkowski [12] has extended this theory by 
analyzing human body deformation energy during 
rotational movement performance on the surface. 
Empirical studies [8, 13] provide evidence for the 
effectiveness of the so-called Kalina’s methods. 
These methods, verified many times, are based 
on teaching how to overcome the consequences 
of balance loss and contact with the surface. An 
optimal level of muscle strength, flexibility and 
balance (developed for the circumstances and 
motor activities to ensure protection of distal body 
parts and the entire organism, or to minimize the 
destructive consequences of falls and body contact 
with the surface) is fundamental [10].
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Effective prophylaxis of fall-related body injuries 
for individuals begins with an accurate assessment 
of the quality of control over the body parts that are 
most exposed to injury. Granhed et al. [14] reviewed 
the papers on fall-related body injuries. The most 
exposed body parts included: hips and the upper 
limbs in people who fell at the same level; lower 
limbs in persons who fell from heights; the spine 
and the head; the chest (especially in people who 
fell from height); and the abdominal cavity (in falls 
from extreme heights). 

The reference sources recommend different 
approaches to fall risk assessment. These include 
the Berg Balance Scale [15]; the Falls Efficacy Scale 
[16]; the Aachen Falls Prevention Scale [17]; and 
the Short Falls Efficacy Scale International [18]. The 
motoric tests include the Timed “Up & Go” Test [19] 
and the Functional Reach Test [20], as well as tests 
using biomechanical devices [21, 22]. Other good 
examples of the limited usefulness of these sorts 
of tools in the prognosis of falls in older people, 
especially the consequences of such incidents, 
are the conclusions pertaining to the externally 
validated accuracy of Fall Risk for Older People in 
the Community (FROP-Com) [23].

Therefore, the susceptibility test of the body 
injuries during a fall (STBIDF) is of note [24, 25]. 
It belongs to the non-apparatus test category, and 
is safe and easy to apply in clinical and population 
screening studies. A simple motor simulation of a 
backward fall on a soft surface enables observation 
of the body parts that are most exposed to injuries 
after contact of the body with the surface. The 
quantified results of this observation (scores) are a 
simple measure of injury risk for single or multiple 
body parts in cases of falls during everyday physical 
activities. The Information Scale on Safe Ways of 
Falling (INFOSECA) developed by Toronjo-Hornillo 
et al. [26] assesses motor activities in people 
during backward falls. Although the approach 
to identification of the body parts that are most 
exposed to fall-related injuries is very similar to the 
STBIDF, the authors of the above mentioned scale 
cite the review paper presenting test results [27] 
without mentioning the reference sources [24, 25].

To date, the STBIDF validation procedure has 
been limited to validity assessment [25]. According 
to the highest standards of research methodology, 
the author of a motoric test should not verify its 
reliability personally. This condition is fulfilled 
by the results obtained in our study. Among the 
approaches to reliability assessment, the test-retest 
approach is most often applied [28-30]. Moreover, 
the rule is “a trial is objective when it is performed 
by (at least) two experts using the same human 
material and its results are identical or very similar” 
[31]. Therefore, the aim of the present study was to 
verify the reliability and objectivity of the STBIDF. 

Material and methods
Participants
The sample included 35 female physiotherapy 

students (21.3 ± 0.8 years of age). The sample was 
selected from 45 males and females undertaking 
their first-degree studies during the fifth semester 
of 2017–2018 at Podhale State College of Applied 
Sciences (PSCAS) in Nowy Targ, Poland. The 
following inclusion criteria were applied: an 
adequate health state, voluntary participation, and 
gender (female). The exclusion criteria were: a lack 
of consent for participation in the study, pregnancy, 
and dysfunctions making it impossible to undergo 
the test. All participants were informed in detail 
about the aim of the study prior to participation. 
The study was accepted by the Bioethics Committee 
at the Regional Medical Chamber in Gdansk, Poland, 
Resolution KB – 17/17.

Procedures

Assessment of the susceptibility to body injuries 
during a fall

The STBIDF was applied [24, 25]. Each student 
was recorded during test performance in such a way 
that the camcorder was recording the required motor 
activities in the sagittal plane. The participants 
waiting for the test were in another room, and they 
could not contact those who had already performed 
the test.

The structure of the STBIDF included three 
motoric tasks performed on tatami (martial arts) 
mats. The manner of protecting body parts that were 
most exposed to injuries during a fall (head, hands, 
hips, legs) was assessed. Any incorrect collision, as 
indicated by the fastest possible change of posture 
from vertical (standing) to horizontal (lying on 
the back), was recorded as a first (“1”) or second 
grade (“2”) error, with no errors recorded as “0”. 
The total score is used as general indicator of the 
susceptibility to body injuries during a fall (i.e., the 
IndexSBIDF), with scores classified as low (0), average 
(1–3), high (4–8), and very high (9–14). The scores 
obtained for individual body parts were classified as 
low (0), average (1), and high (2–6) [24, 25].

Assessment of the reliability of the STBIDF using a 
test-retest approach

The test was recorded twice. The second 
measurement (i.e., retest) was taken seven days after 
the first test (i.e., test). Each participant performed 
the test and retest on their own. The test and retest 
were performed at the same time of the day, in the 
same room, and using identical procedures. 

Assessment of the objectivity of the STBIDF using 
the Delphi method (expert panel)

The method of direct secondary observation with 
the possibility of multiple replays was applied. The 
assessment procedure involved observation of video 
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recordings of the two stages of the study (i.e., test 
and retest) by three experts experienced in using the 
STBIDF. First, the experts independently assessed 
the recordings and did not share their views. In 
the case of discrepancies between the scoring, the 
experts assessed the recordings together (multiple 
times if required), and verbalized their opinions 
before reaching a consensus on the final result. 

IndexRC is the number (expressed in %) of 
consensus ratings made by experts (independently) 
in a test and retest.

Statistical analysis 
Normality was assessed using the Shapiro-

Wilk test. The obtained scores were not normally 
distributed; therefore, further analyses were 
conducted using nonparametric methods. 
Differences between test and retest scores were 
analyzed using the Wilcoxon signed-rank test, 
with the alpha level set at < 0.05. Spearman’s 
rank correlation coefficient was used to analyze 
associations between variables (for example test 
IndexSBIDF and retest IndexSBIDF). Arithmetic means 
(), standard deviations (SD), minimal (min) and 

maximal (max) scores (i.e., range), and skew (g1) 
and kurtosis (g2) were calculated. 

Results
The difference between the IndexSBIDF scores 

obtained in the test and those obtained in the retest 
was 0.2 points according to expert A, and 0.14 points 
according to expert B, with no difference observed 
by expert C (Table 1). The biggest difference 0.26 
points (calculated on the basis of the data in Table 
2) in the mean STBIDF scores was found between 
expert B’s and expert C’s assessments for the test.

The experts’ mean scores for the test IndexSBIDF 
and retest IndexSBIDF were similar for their analyses 
carried out together at the same time (in the case 
of discrepancies between the scoring, the experts 
assessed the recordings together). The differences 
obtained for the first, second, and third tasks were 
0.03 points, 0.08 points, and 0.08 points respectively, 
and the difference for the IndexSBIDF was 0.02 points. 
A significant correlation between the IndexSBIDF test 
and retest scores was observed (rs = 0.865, p < 0.001). 
The Wilcoxon signed-rank test did not reveal any 

Table 1. Mean scores obtained for STBIDF (test-retest) assessment by three independent experts (A, B, C).

Expert statistics 
STBIDF test result (score)

IndexSBIDF (score)
1 2 3
test retest test retest test retest test retest

A

 2.69 2.63 2.54 2.57 3.66 3.49 8.89 8.69
SD 1.02 0.88 0.92 0.7 1.08 1.01 2.56 1.98
min 1 0 1 1 2 1 4 4
max 4 4 4 4 6 6 14 12

B

 2.74 2.66 2.57 2.63 3.66 3.54 8.97 8.83
SD 1.01 0.91 0.81 0.69 1 0.95 2.33 2.01
min 1 0 1 1 2 2 4 4
max 4 4 4 4 6 6 14 14

C

 2.63 2.6 2.49 2.6 3.6 3.51 8.71 8.71
SD 0.84 0.91 0.82 0.77 0.85 1.09 1.84 2.27
min 1 0 0 1 2 1 5 3
max 4 4 4 4 5 6 13 14

Table 2. Differences in mean IndexSBIDF scores and rating compatibility index IndexRC (%).

Stages and expert assessments

Test

 IndexSBIDF  IndexSBIDF  IndexSBIDF

IndexRC IndexRC IndexRC

Re
te

st

Expert A B C

A  
0 0.06

77.14 74.29

B
0.05

 
0.06

94.29 80

C
0.02 0.03

 
88.57 82.86
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significant differences between the test IndexSBIDF 
and retest IndexSBIDF scores (Table 3).

The concordance of assessments between expert 
A and expert B for the retest was 94.29 % (Table 2), 
and no significant differences between the results 
were observed.

All correlations between test and retest scores as 
determined by the experts together were significant 
(p < 0.001). The highest correlation coefficient was 
observed for IndexSBIDF scores, while the lowest 
correlation coefficient was observed between 
the scores obtained from the third task (Table 3). 
However, the lack of significant differences in the 
results of individual body part assessment by each 
expert is the most convincing empirical evidence, 
indicating that the evaluation criteria are precise 
and that they did not change during the period 
between the test and retest (Table 4). 

High correlation coefficients between the test 
and retest IndexSBIDF scores and between-expert 
IndexSBIDF scores were observed. For the test, 
differences were found between the experts’ scores: 
between experts A and B and experts A and C = 0.942 
(p < 0.001); and between experts B and C = 0.937 (p 
< 0.001). Differences between the experts were also 
observed for the retest: between experts A and B = 
0.992 (p < 0.001); between experts A and C = 0.963 
(p<0.001); and between experts B and C = 0.945 (p 
< 0.001).

Discussion
The STBIDF improves identification and 

assessment of the risk factors highlighted by the 
WHO in the second pillar recommendations [9]. 
The STBIDF can be used by anyone who has read 
the description and adheres to the methodological 
recommendations [24]. However, only experienced 

Table 3. Mean scores of STBIDF (test-retest) after all experts’ corrections.

Statistic Indicator
Scores obtained from STBIDF (points) IndexSBIDF

(score)1 2 3
test retest test retest Test retest test retest

 2.66 2.63 2.49 2.57 3.57 3.49 8.71 8.69
SD 1.03 0.88 0.85 0.7 1.01 1.01 2.38 1.98
min 1 0 1 1 2 1 4 4
max 4 4 4 4 6 6 14 12
g1 −0.6 −1.39 −0.05 −0.27 0.07 −0.05 −0.17 −0.5
g2 −0.44 1.69 0.49 0.04 −0.25 0.58 −0.13 0.26
Spearman rank 
correlation 0.816*** 0.772*** 0.572*** 0.865***

Wilcoxon test p 
value (exact) 0.82 0.46 0.49 0.87

***p < 0.001

Table 4. Mean score and standard deviation corresponding to susceptibility of the predetermined parts of 
the body to injuries in physiotherapy students (n = 35).

Stages

Body parts in STBIDF tasks (score)

1 2 3

hips arms head hips arms head legs hips arms Head

Expert A

Test 0.23±0.43 1.51±0.82 0.94±0.24 0.2±0.41 1.57±0.56 0.77±0.43 0.94±0.84 0.2±0.41 1.63±0.49 0.89±0.32

Retest 0.14±0.36 1.60±0.77 0.89±0.32 0.11±0.32 1.6±0.5 0.86±0.36 0.74±0.7 0.2±0.41 1.63±0.55 0.91±0.28

Difference 0.09 0.09 0.05 0.09 0.03 0.09 0.2 0 0 0.02

Expert B

Test 0.29±0.46 1.51±0.82 0.94±0.24 0.17±0.38 1.6±0.5 0.8±0.41 0.83±0.82 0.31±0.47 1.63±0.49 0.89±0.32

Retest 0.17±0.38 1.6±0.77 0.89±0.32 0.14±0.36 1.6±0.5 0.89±0.32 0.8±0.72 0.2±0.41 1.63±0.55 0.91±0.28

Difference 0.12 0.09 0.05 0.03 0 0.09 0.03 0.11 0 0.02

Expert C

Test 0.17±0.38 1.51±0.82 0.94±0.24 0.2±0.41 1.6±0.6 0.69±0.47 0.8±0.83 0.26±0.44 1.63±0.49 0.91±0.28

Retest 0.11±0.32 1.6±0.77 0.89±0.32 0.17±0.38 1.6±0.5 0.83±0.38 0.74±0.7 0.23±0.43 1.63±0.55 0.91±0.28

Difference 0.06 0.09 0.05 0.03 0 0.14 0.06 0.03 0 0
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experts have numerous opportunities to track 
individuals’ behavior and activities to find out 
whether these (namely conscious behavior during 
different formal exercises, motoric simulations, and 
some forms of play fighting [32]) lead to errors or 
optimal actions. The STBIDF has been frequently 
applied [27] in samples of athletes (e.g., judoka or 
karateka) [33], individuals who do not train [34], 
individuals with disabilities [35, 36] and visual 
impairments [37, 38], and limb amputees [39]. 

Kalina et al. [25] first applied the STBIDF in 
2010 for the assessment of female physiotherapy 
students who completed motoric simulations 
of falling by blind people and limb amputees. 
The obtained scores were used in the validation 
procedure (test validity assessment) for the STBIDF. 
The STBIDF was observed to be a very sensitive tool, 
able to verify changes in body susceptibility to fall-
related injuries in physiotherapy students, patients 
with visual impairment, and footballers after limb 
amputation or with malformed limbs (AMP football 
players) [40]. There was only one case of a patient 
with morbid obesity [41]. An extended analysis of 
the STBIDF results revealed opportunities for simple 
brain plasticity assessment [38]. This conclusion 
is in agreement with the opinions presented by, 
amongst others, Bennett et al. [42].

Due to the multiple motoric elements repeated 
at potentially high speeds (the requirement of 
fall dynamics simulation), three experts highly 
experienced in athlete observation during training 
and competition (especially combat sports and 
games) assessed the recordings. This approach is 
very effective. The recording can be replayed several 
times, and in case of any doubt’s playback can be 
slowed or stopped when necessary. On completion 
of the tests, the experts recommended recording 
task performance from both sides of the participant. 
It was noted that assessment of head-to-surface 
contact can be problematic if a participant has a hair 
bun (as in the case of one participant in our study), 
and that assessment of hip control may be biased if 
a participant wears oversized clothing that prevents 
observation of the moment of contact with the 
surface. In our opinion, the observer’s perception is 
also an important factor. During observer training 
it is important to note how many times a candidate 
has to replay a recording to see the details required 
for the final assessment. 

This study has shown a high concordance of 

assessment. The mean level of the difference 
obtained from IndexSBIDF scores was lower for the 
first-grade error. According to the quote that 
states “the trial is objective when it is performed 
(at least) by two different persons with the same 
human sample and its results are identical or very 
similar”[31], the STBIDF should be regarded as 
objective, whilst high and significant correlation 
coefficients obtained using the test-retest approach 
indicate its reliability. This conclusion is further 
supported by the lack of significant differences 
between test-retest scores. 

Assessment of a fall under laboratory conditions 
is often performed using state-of-the-art programs 
based on biomechanics and computer systems 
that enable multiplane analyses. Unfortunately, 
this instrumentation is expensive [21, 22] and the 
scale of fall consequence phenomenon [6] requires 
the use of simple approaches to observation that 
are quick and, most importantly, cheap. A special 
application for smartphones that facilitates 
documentation of observations and assessment 
of results would be beneficial. Our study results 
confirm the finding that the STBIDF, as a simple 
tool of participant observation during simulated 
falls, provides empirical data that enables valid, 
reliable and objective analysis of susceptibility to 
injuries that may be sustained by older people who 
fall whilst undertaking everyday physical activities 
in their apartments, gardens, and houses [43].

Conclusions
The STBDIF is characterized by reliability and 

objectivity; therefore, it is a good tool for analysis 
of the susceptibility to injury of the body parts most 
exposed during falls in people from different risk 
groups. 

This non-apparatus test is a reliable and easy 
to use tool, available for experts dealing with falls 
and their consequences, and preventive approaches. 
It can also be used in medical, pedagogical, and 
athletic environments. 
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Abstract
Background 
and Study 
Aim

One of the fastest racquet sports in the world, badminton is defined as a versatile, explosive sprint 
sport that requires players to perform intense rhythmic movements with its highly competitive 
and dynamic feature. The aim of this study is to investigate the effectiveness of 4-week badminton 
training on some selected biomotoric features in young individuals engaged in recreational sports.

Material and 
Methods

Twenty seven students of sports sciences voluntarily participated in the study (age = 18.85 ± 0.98 
years). A total of 4 weeks of training was given for 2 hours a day specific to badminton sport. We 
examined the effects of pre-post training development of biomotoric properties, flexibility, reaction, 
vertical jump, balance and agility parameters on performance. Statistical analyzes of the data 
obtained as a result of the research were obtained using the IBM SPSS 23.0 package program.

Results The differences before and after badminton training, a statistically significant difference was found 
between pretest and posttest measurements of flexibility (5.53%), reaction (24.66%), vertical jump 
(8.93%), and agility (2.54%) tests (p<0.05). In the balance test, although there was a mathematical 
difference of 17.84%, this difference was not statistically significant (p>0.05). Finally, 4-week training 
improves flexibility, reaction, vertical jump and agility performances in a positive and meaningful 
way (p<0.05). 

Conclusions The findings showed that the training method specific to badminton sport improved the flexibility, 
reaction, vertical jump and agility performances of individuals compared to pre-training. Specifically, 
these results revealed that the training-performance relationship clearly affects each other positively. 
In future studies, it can be predicted that more multidisciplinary training methods will be directed to 
research by making macro plans.

Keywords: badminton, training, biomotoric parameters, blazepod.

Introduction1

Besides being an Olympic sport [1], badminton is 
a popular recreational sport played by 200 million 
people around the world casually, outdoors, often as 
a garden or beach game [1, 2].

One of the fastest racquet sports in the world, 
badminton is highly competitive and dynamic [3, 
4] it is also defined as a versatile, explosive sprint 
sport that requires players to perform intense 
rhythmic movements [5]. From this point of view, 
due to the rapid use of the racket and the high 
frequency of strokes, the player must have good 
running, acceleration, deceleration, jumping, lunge, 
change of direction and reflex skills [4, 6]. On the 
other hand, badminton, a technical sport that 
requires the development of motor coordination 
and sophisticated racket movement at elite levels 
of play, it is important to develop a combination 
of factors such as muscle strength, muscular 
endurance, aerobic endurance, agility, power, speed, 
flexibility, balance, decision making and reflex, 
which are important for players. The fact that all 
these factors are very good will bring along the 
perfect condition, which is important for the players 
© Nurkan Yılmaz, 2022 
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throughout the match. It is known that badminton 
poses great challenges for players and coaches of 
all levels, as it is a very complex and multi-talented 
sport. Therefore, it is a versatile sport that requires a 
combination of technical and tactical skills, physical 
and physiological fitness, as well as psychological 
strength [2, 3, 7-9].

While badminton requires anaerobic energy 
expenditure for dynamic motor activities such as 
starting, changing direction, fast and powerful 
hitting with the shuttlecock, jumping and jumping, 
it requires aerobic energy expenditure from the 
duration of the game and to perform repetitive 
movement sequences [10]. In addition, classification 
of racquet sports such as table tennis, badminton, 
tennis and squash as reaction sports highlights 
excellent eye, hand, foot and ball coordination [6, 
11]. This is directly related to visual reaction time 
and motor response speed. Reaction time is affected 
by many factors such as age, gender, number of 
simultaneous stimuli, nutrition, physical activity, 
training, physical fitness and fatigue [11].

Therefore, the physical and physiological fitness 
of the players can be a determinant of success in 
a tournament, so if players want to perform well 
and achieve success, they must make advanced 
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improvements in physical fitness [7, 9]. Therefore, 
all of the components that make up the conditioning 
should form part of the training. Because the player 
must perform various movements such as running, 
stopping suddenly and moving quickly, jumping, 
reaching, turning quickly and taking wide steps, 
which the player does repeatedly and for a long 
time, without losing his balance [9]. For example, 
multiplying training modalities to increase leg 
strength allows the player to move quickly and 
abruptly in various directions and make high 
jumps [7]. In this respect, the aim of our study is; to 
investigate the effectiveness of 4-week badminton 
training on some selected biomotoric features in 
young individuals engaged in recreational sports.

Material and Methods
Participants
A total of 27 students (age 18.85±0.98 years) from 

the faculty of sports sciences who had no health 
problems and had never played badminton before 
were included in the study. If they had a history of 
health problems, a disease or physical condition 
that could affect physical activity, they were 
excluded from the study. All of the participants were 
previously informed about the testing procedures 
and any known risks, and provided their own written 
informed consent. Participants were asked not to 
do any exercise 24 hours before the tests. All of the 
procedures were in accordance with the Helsinki 
Declaration of 2021. This study was approved by 
University of Inonu Ethics Committee for research 
on human participants.

Research Design
After the demographic and biometric 

information of the individuals participating in 
the research were obtained, the performance tests 
(flexibility, balance, jump, reaction and agility) were 
measured before the training program. Then, after 
a 1-week adaptation period, the individuals started 
badminton-specific training (table 1) for a total of 
4 weeks, 60 minutes a day, 2 days a week. After the 
training program was over, the same tests applied 
before the training were applied after the training. 
All tests were administered in the indoor gym of 
the faculty of sports sciences. All the data obtained 
were recorded on the form created specifically for 
the study.

Height and Body Mass
All measurement procedures were performed 

without minimal clothing and shoes. The height 
measurements of the participants were measured 
with a 0.1 cm precision portable stadiometer (Seca 
Ltd., Bonn, Germany) with the head in the frankfort 
plane, while the body was upright and the weight was 
evenly distributed on both legs. Body weight (VA) 
and body fat ratio measurements were measured 

with a body analyzer with a capacity of 270 kg and 
a sensitivity of 100 g (Tanita SC-330S, Amsterdam, 
Netherlands).

Test Protocols

T Agility Test 
The T-Drill is a test of agility and includes 

forward-backward and left-right running, and 
measures the ability for defensive movements and 
speed with directional changes.

Each subject was required to sprint forward 9 m 
and touch the tip of the cone with the right hand. 
Then she performed a lateral shuffle to the left 4.5 
m, and touched the tip of the cone with the left 
hand. Subject then changed direction and shuffled 
9 m to the right to touch the tip of the cone with 
her right hand. She then shuffled 4.5 m to the left to 
touch the tip of the cone in the middle with her right 
hand. Finally, the subject back-peddled 9 m, passing 
through the finish point. 3 trial rights were given for 
each athlete. The subjects were allowed 3 minutes of 
rest between each run. By writing the measurement 
results in seconds, the best time obtained in three 
trials was recorded. Any subject who crossed one 
foot in front of the other, failed to touch the tip of 
the cone, and/or failed to face forward throughout 
had to repeat the test [12-14].

Balance Test
The flamingo balance test measures the ability to 

balance successfully on a single leg. In the flamingo 
test, a wooden or metal beam whose body is 50cm 
long, 4cm high and 3cm wide and the dimensions 
of the support legs that provide the stability of this 
beam are applied using a tool that is 15cm long 
and 2cm wide. Participants should bend their free 
leg back and grasp their back foot with the same 
hand and stand for 1 min. Participants are given a 
trial first to familiarize themselves with the test. 
The timekeeper helped the participant get into the 
right position and started timing when the subject 
released the timekeeper’s hand. Then the number 
of attempts needed to stand on one leg for 1 min is 
counted for each leg. The result was the maximum 
number of attempts in 1 min, which was limited to 
30. If the subject exceeded this number 15 times in 
the first 30 s, the subject’s result was 31 [15, 16].

Sit and Reach Test
Flexibility was measured using a sit-and-

reach test, using a sit-and-reach box (Baselıne/
Fabrication Enterprises, Inc., PO Box 1500, White 
Plains, NewYork). The subjects sat with their feet 
approximately hip-wide against the testing box. For 
the test performance, the subjects was placed seated 
on the floor with the legs stretched, barefooted, 
and with the soles of the foot attached to the Seat 
and Reach case. They kept their knees extended 
and placed the right hand over the left, and slowly 
reached forward as far as they could by sliding their 
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Table 1. Training program

Weeks Days Times Content of the training

1. Week

Tuesday  60 min.

10 min. Badminton game and material presentation

10 min. Warming

20 min. Teaching the basic stance and racket grip [fhd and bkhd]

15 min. Badminton-specific educational game

5 min. Cooling and stretching

Friday 60 min.

10 min. Warming 

10 min. Repeating the basic stance and racquet grip

15 min. Ball bounce exercises [fhd and bkhd]

20 min. Service training and studies

5 min. Cooling and stretching

2. Week

Tuesday 60 min.

10 min. Warming

10 min. Repetition of training and practice of service shots [fhd and bkhd]

25 min. 1, 2 and 3 runway shadow work

10 min. Educational game for stepping development

5 min. Cooling and stretching

Friday 60 min.

10 min. Warming

10 min. Repeating the running track shadow work 1, 2 and 3

25 min. 4 and 5 runway shadow work

10 min. Educational game for stepping development

5 min. Cooling and stretching

3. Week

Tuesday 60 min.

10 min. Warming

10 min. Repeating the running track shadow work 4 and 5

25 min. 6, 7 and 8 runway shadow work

10 min. Educational game for stepping development

5 min. Cooling and stretching

Friday 60 min.

10 min. Warming

20 min. Overhead stroke teaching

15 min. Drive stroke training and exercises

10 min. Educational game for developing headshots

5 min. Cooling and stretching

4. Week

Tuesday 60 min.

10 min. Warming

10 min. Repetition of drive stroke training and exercises [fhd and bkhd]

25 min. Clear kick training and exercises

10 min. Educational game to improve clear hit

5 min. Cooling and stretching

Friday 60 min.

10 min. Warming

10 min. Repetition of clear stroke training and exercises

25 min. Lob-drop stroke training and exercises 

10 min. Educational game to improve lop-drop hit

5 min. Cooling and stretching

*min. = minute; fhd = forehand; bkhd = backhand
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hands along the measuring board. A tape measure on 
top of the measuring board indicated in centimeters 
how far beyond the toes each individual reached. 
The score [in centimeters] is the greatest distance 
contacted by the fingertips past the toes. After 2 
standard 10-second warm-up stretches, 3 attempts 
were made and the best score was used [17-19].

Reaction Test
This test was used to determine participants’ 

hand-eye reaction times. The BlazePod™ (Play 
Coyotta Ltd., Tel Aviv, Israel) instrument developed 
specifically for this test was used for performance 
measurement. BlazePod light discs are placed 20 
cm apart and 45 cm off center on a hard plate/floor. 
Participants performed the test with their dominant 
hand for 30 seconds. During the test, the hand was 
returned to the starting position after each contact 
with the light sensors. Before starting the test, 
participants were allowed to do a pre-test consisting 
of 5 responses to light stimuli [20, 21].

Vertical Jump
The vertical jump test is a standardized test 

for measuring explosive power, vertical jump and 
athletic performance. The vertical jump height 
indicator (Vertec/by Jump USA) was used for the 
measurement of this test. At the moment preceding 
the jump, the participants could freely flex the hip, 
knee, and ankle joints and prepare the upper limbs 
for a sudden upward thrust, in an effort to promote 
the highest vertical jump possible. The participants 
stands with feet apart below the height indicator. 
The feet are at shoulder-width. The participants 
swings his arms forward and up, jumps upward and 
tries to make contact with the rod of the indicator 

with his right hand at the position which indicates 
the highest possible value, lands in the starting 
position and repeats the jump, only now trying to 
make contact with the rod of the indicator using his 
left hand. The rest time between jumps was 20 s. The 
participant’s vertical jump height was calculated 
as the difference between their maximum jump 
height and standing reach height. “Peak Power” was 
calculated from the maximal jump height of three 
trials [22, 23].

Statistical Analysis
Statistical analyzes of the data obtained as a 

result of the research were obtained using the “IBM 
SPSS 23.0 (IBM Corp., Armonk, NY, USA)” package 
program. After descriptive statistics of the data 
were made, normality analysis was performed for 
the data set.

For the homogeneity of the research data, the 
normal distribution of the data was tested with the 
“Skewness-Kurtosis” and “Shapiro Wilks” tests. 
As a result of this test, it was determined that the 
distributions were normal. Therefore, “Paired 
Simple T Test”, which is one of the parametric 
tests, was used to analyze the difference between 
the pre-test and post-test. All tests taken were 
expressed as median (min-max), mean and standard 
deviation (SD) values. The degree of significance 
was determined as “p <0.05” in the study.

Results
Table 2 shows that the average age of the athletes 

participating in the study was 18.85 ± 0.98 years, an 
average height of 172.85 ± 7.29 cm, and body weight 
62.04 ± 8.83 kg.

Table 2. Descriptive data of all participants

Demographic features N  SS

Age [years] 27 18.85 0.98

Height [cm] 27 172.85 7.29
Body weight [kg] 27 62.04 8.83

Table 3. Findings of the difference before and after badminton training

Pre-Test Post-Test T Test

Biomotoric abilities N ±SS ±SS t p ES %∆

Flexibility 27 37.59±7.04 39.67±6.33 -2.721 .011* 0.031 5.53

Reaction 27 1050.78±89.40 791.59±125.30 10.498 .000** 0.238 24.66

Balance 27 6.22±3.74 5.11±2.77 1.955 .061 0.033 17.84

Vertical Jump 27 45.56±8.12 49.63±9.51 -3.631 .001* 0.046 8.93

Agility 27 9.0352±.89420 8.8070±.8076 2.087 .047* 0.026 2.54

ES: Effect Size; * The difference is statistically significant at the p<0.05 level;  ** The difference is statistically 
significant at the p<0.01 level; %∆: percentage of difference between measurements
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The findings of the Paired Simple T-Test results 
regarding the analysis of the data in this study are 
as follows.

In Table 3, according to the results we analyzed 
for the dependent sample groups, the differences 
before and after badminton training a statistically 
significant difference was found between pretest 
and posttest measurements of flexibility (ES=0.031; 
p=0.011; 5.53%), reaction (ES=0.238; p=0.000; 
24.66%), vertical jump (ES=0.046; p=0.001; 8.93%), 
and agility (ES=0.026; p=0.047; 2.54%) tests (p<0.05).

In the balance test, although there was a 
mathematical difference of 17.84%, this difference 
was not statistically significant (ES=0.033; p=0.061) 
(p>0.05).

Discussion
This study aimed to investigate the effect of 

4-week badminton training on some biomotoric 
properties in young individuals who have not played 
badminton before but play sports recreationally. 
Although there was little improvement in parameters 
such as flexibility (5.53%), reaction (24.66%), vertical 
jump (8.93%) and agility (2.54%) before and after 
training, this improvement was significant (p<0.05). 
However, although a percentage improvement was 
observed in the balance (17.84%) parameter, this 
improvement was not significant (p>0.05).

Chong [24], according to the results of the 
study in which they conducted a pre-post test on 
the agility of badminton players two days a week 
for a total of 4 weeks with two different groups, 
stated that although there was no significant 
difference between the training group and the 
control group, the training group made a significant 
improvement with a few training sessions. Churi 
and Varadharajulu [8], in their study in which they 
performed core exercises on badminton players for 
four weeks, revealed that these exercises showed 
improvement in strengthening the core region. 
Sighamoney et al. [25] in their four-week study to 
investigate the effect of strengthening the core 
region on dynamic balance and agility, they showed 
that strengthening the core region has a significant 
effect on dynamic balance and agility. Wee et al. [2] 
investigated the effects of multiple shuttle training 
on aerobic and anaerobic capacity, leg strength and 
agility. The study lasted for a total of four weeks, 
divided into two groups as control and training 
groups. Accordingly, when the pre-test and post-
test mean scores were compared, it was determined 
that there was an improvement in VO2max, average 
power, leg reactive power and agility parameters in 
the training group. Dass et al. [5] aimed to evaluate 
the effectiveness of strengthening and plyometric 
resistance training on anaerobic power and muscle 
strength in badminton players. According to the data 
obtained after 5 weeks of training, they concluded 
that there was a significant improvement in the 

post-training values in the comparison made for 
the training group. Guo et al. [4] designed a 6-week 
study in which they examined the effect of combined 
balance and plyometric training on the diversion 
performance of badminton players. Accordingly, 
they revealed that combined training can improve 
the changing performance of badminton players 
more than plyometric training alone. This study 
also showed that short-term training models have 
effects on agility and anaerobic capacity in parallel 
with the literature. However, the balance parameter 
did not show any improvement in our study, 
contrary to the literature. For balance development, 
training should be arranged in a way that includes 
longer-term and parameter-specific studies. Based 
on this, Preeti et al. [6], in their study to evaluate the 
effectiveness of pilates on lower extremity strength, 
dynamic balance, agility and coordination skills 
in badminton players, they made the training and 
control groups exercise for 60 minutes for 5 weeks, 
two days a week. Accordingly, they explained that 
pilates exercises showed a significant improvement 
in both groups at the end of the 5th week and also 
showed a significant difference in the training group 
players. These results showed us that balance studies 
require longer-term studies. When we examined the 
reaction studies, Patel and Rathi [11] stated that 
there was an improvement in the training group 
compared to the control group, but this was not a 
statistically significant improvement, according to 
the results of the exercise they had done twice a day 
for four weeks for visual reaction time. Our study 
showed similar improvements in visual and tactile 
reaction parameters with the literature, but unlike 
the literature, this improvement was significant. 
Bhosale et al. [26], in their study in which they looked 
at the effects of 6-week plyometric training on agility 
and vertical jump parameters, shows that plyometric 
training improves jumping and agility performance 
in badminton players. In this sense, our research 
has revealed that short-term training provides 
improvements in vertical jump performance in 
parallel with the studies carried out. Jan and Yaday 
[27], in their study to investigate the effect of some 
training on flexibility and coordination in tennis 
and badminton players, stated that badminton 
players developed more flexibility and coordination. 
In our research, we have shown similar results with 
the literature and we can say that regular training or 
exercises improve flexibility.

Conclusions
The study showed that the training method, 

which is specific to badminton sports and with 
mixed training planning, improves the flexibility, 
reaction, vertical jump and agility performances of 
individuals who do recreational sports, by improving 
them compared to pre-training. Specifically, these 
results revealed that the training-performance 
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relationship clearly affects each other positively. 
In future studies, it can be predicted that more 
multidisciplinary training methods will be directed 
to research by making macro plans.
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Abstract
Background 
and Study 
Aim

There is no doubt that the Coronavirus disease (COVID-19) pandemic, and its related containment 
measures such as lockdown and social distancing, is affecting physical activity and sleep quality  of 
the general population worldwide. Algeria, one of the most affected countries in Africa, entered the 
lockdown on March 9, 2020. Numerous studies have explored the interaction between physical activity 
and sleep quality showing the effect of physical activity levels on sleep, yet previous researches have 
not investigated the relationship between physical activity and sleep quality during lockdown.

Material and 
Methods

The main purpose of the present study was to investigate the association between physical activity 
and sleep quality in quarantined individuals. A national Google online survey was conducted between 
16th April and 25th May 2020. 1002 Participants responded to the Pittsburgh Sleep Quality Index 
(PSQI) questionnaire and the short form of the International Physical Activity Questionnaire (IPAQ). 
Of the 1002 participants who completed the survey, 358 were students. The final data were collected 
from the respondents.

Results The COVID-19 home confinement led to a decrease in physical activity levels. However, the majority 
of the study population had good sleep quality (61.9%), while only (38.1%) had poor sleep quality. 
In addition, women are less physically active than men (p < 0.01). Moreover, there was a significant 
difference in sleep quality between sufficient and insufficient physical activity groups (p < 0.05).

Conclusions Our results show that Algerian adults have low levels of physical activity, good sleep quality, and poor 
sleep quality is associated with insufficient physical activity in adults during lockdown.

Keywords: adults, sleep quality, Algerian, survey, students.

Introduction1

In December 2019, a series of pneumonia cases 
of unknown cause was recognized in Wuhan, China, 
with clinical presentations greatly resembling viral 
pneumonia [1]. The emergence and spread of the 
novel coronavirus and the related COVID-19 disease 
is deemed as a major public health threat for almost 
all countries around the world [2].

Algeria, like other countries through the world, 
has not escaped this pandemic respiratory disease. 
The actual situation shows a number of 99 610 
positive cases and 2 756 deaths [3]. With the rapid 
spread of the COVID-19 outbreak globally, the World 
Health Organization (WHO) has recommended the 
implementation of public health measures, such as 
isolation of all individuals suspected of infection 
with this disease for a 14-day quarantine period, 
while respective governments have also introduced 
“social distancing” and “lock-downs” of entire 
populations of varying severity to mitigate the 
spread of the pandemic [4]. While these restrictions 
helped in decreasing the rate of infection, there may 
also be concomitant negative effects as a result of 
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limiting restricting people’s daily activities such as 
walking and cycling for transport and leisure and 
access to many types of recreational activities such 
as team sports, gyms, fitness centers, and dancing 
classes [5]. In this context, achieving recommended 
levels of physical activity (PA) is crucial to achieving 
the physiologic and psychosocial benefits associated 
with physical activity, and reduce the risk of several 
chronic diseases. Moreover, physical activity can 
attenuate the detrimental effects of sedentary 
behavior and its association with all-cause mortality 
[6]. Several studies have shown the detrimental effect 
of COVID-19 on physical activity and sleep quality. 
An Australian survey of around 1491 participants 
found that (48.9%) and (40.7%) reported a decrease 
in PA levels and sleep respectively since the onset of 
the COVID-19 pandemic [7].

Getting sufficient sleep has also been 
recommended as insufficient sleep or prolonged 
sleep deficiency (e.g., short sleep duration, sleep 
disturbance) can lead to chronic, systemic low-
grade inflammation and is associated with various 
diseases that have an inflammatory component, 
like obesity, diabetes, cardiovascular diseases, 
neurodegeneration, and accidents. Sleeping has 
systematically been found to be related to lower risks 



2022

01

19

of morbidity and mortality [8, 9]. More specifically, 
it is widely accepted that sleep deprivation has 
detrimental effects on the immune response and 
may impair the immune system [10]. Within this 
context, The American Academy of Sleep Medicine 
(AASM) recommends regular physical activity for 
proper sleep hygiene. AASM suggests exercise can 
be a non-pharmacological intervention for sleep 
quality improvement [11].  

We hypothesize that COVID-19 home 
confinement would negatively affect sleep quality, 
PA levels of quarantined individuals, and that ‘good 
sleep quality’ would be associated with ‘sufficient’ 
PA. Therefore, the aims of the present study were 
to, (I) evaluate the effects of COVID-19 home 
confinement on sleep patterns and PA levels, and 
(II) explore the association between PA levels and 
sleep quality.

Materials and Methods
Participants 
The sample consisted of 1002 adults (665 men 

and 337 women), 18 to 65 years of age from all 
regions of Algeria were recruited for this study. Of 
the 1002 participants who completed the survey, 
358 were students.

Google platform was used for an anonymous 
survey. A link to the survey was distributed using 
social media (Facebook, Twitter...etc), through 
websites and emails. The study protocol was 
approved by the Institutional Review Board of the 
Faculty of the Institute of sport and exercise science 
at Oum El Bouaghi University and was conducted 
following the Declaration of Helsinki.

The inclusion criteria were (1) the minimum age 
of 18 years, (2) the current residence in Algeria, and 
(3) the ability to complete the questionnaires in 
Arabic. Other inclusion or exclusion criteria did not 
apply.

Research Design
The International Physical Activity 

Questionnaires Short Form (IPAQ-SF) was used to 
evaluate the PA level in participants, whose validity 
and reliability have been tested in 12 countries [12]. 

It provided information about the time and 
number of days spent in light, moderate, and 
vigorous-intensity physical activity. According 
to the WHO, sufficient physical activity is defined 
as at least (1) 150 min/week of moderate physical 
activity or (2) 75 min/week of vigorous physical 
activity or (3) an equivalent combination of both. 
Thus, we categorized the participants who met the 
aforementioned recommendation as sufficiently 
active compared with the participants who did not 
meet the recommended levels of physical activity 
weekly [13].

Based on the IPAQ recommendations for scoring 

protocol, participants of the study were classified in 
three different groups based on the MET–min/wk 
of the sum of walking, moderate-intensity physical 
activities, and vigorous-intensity physical activities: 
lowly active (< 600 MET–min/wk); moderately active 
(600 MET–min/wk ≤ PA < 3000 MET–min/wk) and 
highly active (≥ 3000 MET–min/wk) [14].

The sleep quality was assessed by the Pittsburgh 
Sleeping Quality Index Questionnaire (PSQI). It is 
19 self-reported questions that examine one of the 
seven components of sleep quality components: 
subjective sleep quality, sleep latency, sleep 
duration, sleep efficiency, sleep disturbance, sleep 
medication intake, and daytime dysfunction. Each 
component score was rated on a 3-point scale 
with higher scores denote poor sleep, leading to 
a sum of up to 21 points. PSQI scores > 5 and ≤ 5 
indicated poor and good sleep quality, respectively 
[15] . It has been reported that The Arabic PSQI 
has an acceptable internal consistency reliability 
of the global PSQI (0.70) among 35 healthy Arabic 
participants [16].

A cross-sectional study was conducted in a 
convenience sample of the general population in 
Algeria by using online surveys. 1002 participants 
(665 men and 337 women, aged 18–65 years) 
provided full data.

Participants self-reported their height in meters 
(m) and weight in kilograms (kg), from which body 
mass index (kg/m2) was calculated. Data about 
demographics, physical activity, and sleep patterns 
were collected.

Participants completed the online survey, after 
reading the written consent form and explicitly 
agreeing to participate in the survey. The online 
survey was conducted between 16th April 2020 to 
25th May 2020, with a total of 1002 respondents.

Statistical Analysis
Statistical analyses were performed using 

the commercial software “Statistical Package for 
the Social Sciences” (SPSS for Windows, version 
20.0, SPSS Inc., Chicago, Illinois, USA) and the 
level of significance was set at p < 0.05. Using the 
Kolmogorov-Smirnov test, the normality of the data 
distribution was not confirmed.

Basic descriptive statistics of the study 
participants are presented as frequencies (n) and 
percentages (%). The Chi-Square test was used 
to compare physical activity levels and sleep 
quality between men and women. Furthermore, to 
analyze Sleep characteristics according to the level 
of physical activity,  participants were split into 
sufficiently active and insufficiently active groups 
and comparative analysis was conducted by using 
Chi-Square (c2). Lastly, the associations between 
physical activity and sleep quality domains were 
assessed by Pearson correlation analysis.
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Results 
Our study sample consisted of 1002 participants: 

337 (33.6%) females and 665 (66.4 %) males. There 
were no missing data. Gender, age, and employment 
status are presented in Table 1. In general, most 
participants are employed for wages and students. 

Table 1. Demographic characteristics of the 
participants.

Variables N %
Gender 
Males 
Females

665 
337

66.36 % 
33.63 %

Age
18-30 
30-40 
40-50 
50-60

525 
335 
116 
26

52.39 % 
33.43 % 
11.57 % 
 2.59 %

Employment status
Student 358 35.72 %
Employed for wages 459 45.80 %
Trainee 14  1.39 %
Self-employed 61  6.08 %
Out of work/Unemployed 100  9.98 %
Retired 10  0.99 %

In Table 2, we show the patterns of sleep 
quality, physical activity, and body mass index 
according to the participants’ gender. The BMI was 
calculated from the reported weight and height of 
each participant, and it was found that (3.8%) of 
participants were considered underweight, while 
(54%) had normal BMI and ( 42.1%) were Overwight/
obese.

The majority of participants had light PA 
(63.07%) and female participants had a significantly 
lower prevalence of light, moderate and vigorous PA 
levels than males (p < 0.01). Moreover,  two-thirds 
of study participants (61.9%) were good sleepers, 
compared with (38.1%) of the sample who reported 
having poor sleep quality. In addition, there were 
significant differences in Subjective sleep quality ( 
p < 0.01), Sleep latency (p=0 , 029), Sleep efficiency 
(p= 0, 029) , Sleep disturbances (p < 0, 01) , Daytime 
dysfunction ( p < 0, 01) and Sleep quality (p < 0.01). 
However, there were no differences or associations 
with gender were observed for sleep duration and 
Use of sleep medication.

The prevalence of sleeping characteristics 
according to the level of physical activity among 
the study participants is presented in Table 3. 
Sleep quality differed significantly according to 
participants’ physical activity level (p =0, 039). 
Among the respondents, 64.4% of the physically 
active group reported having good sleep quality, 
while only 35.6% reported having poor sleep quality. 
However, 57.9 % enjoying good sleep quality, while 
42.1% have poor sleep quality. In addition, there 
were significant differences in BMI status (Normal, 

Overweight /Obesity) ( p < 0.05).
Table 4 shows the relationships (person’s 

correlation) between all variables included in the 
analyses. Particularly, total score of PSQI was not 
significantly associated with the global score of PA 
(P > 0.05).

Discussion
The present study examined the association 

between physical activity and sleep quality among 
Algerian adults during the COVID-19 pandemic.

The major insight of our study about sleep 
quality was that the majority of the study population 
had good sleep quality (61.9%), while only (38.1%) 
had poor sleep quality. Our results seem to reflect 
that the changes under mobility restrictions and 
lockdown might have benefited sleep quality in our 
population. These findings are somewhat surprising 
given the fact that other research shows that sleep 
quality was markedly impaired [6, 17, 18]. However, 
our results are consistent with those of [19] who 
found no significant differences in sleep parameters.

Overall, the majority of participants reported 
having light or low physical activity levels during 
mobility restriction and home confinement. Our 
findings confirmed that the lockdown had a negative 
impact on PA levels, as it was initially expected. 
Being confined at home imposed a structural barrier 
to maintaining a physically active lifestyle [20].

Our results showed that women are less 
physically active than men. An analysis published 
in The Lancet Global Health, in 2018, found that 
across most countries,  women are less  active than 
men (global average of 31·7% for inactive women vs 
23·4% for inactive men) [21]. In addition, a positive 
relationship between individuals sufficiently active 
and sleep quality was found. Our findings are 
consistent with previous studies [8, 22, 23]. It has 
been shown that physically active individuals had 
good sleep quality compared with those individuals 
with insufficient physical activity levels [13].

A meta-analysis of randomized trials conducted 
on the effect of an exercise program on sleep quality 
suggested that physical activity could become an 
alternative non-pharmacological therapy for those 
who are complaining of sleep problems due to its 
moderately positive effect on total sleep duration, 
slow-wave sleep, and sleep onset latency [24]. In 
addition, physical exercise, the especially moderate 
exercise showed a more promising outcomes on 
sleep quality than vigorous exercise [22].

The low prevalence of adequate PA levels is a 
main contributing factor to the high prevalence of 
overweight and obesity [25]. Overweight and obese 
individuals are more likely to have respiratory 
symptoms than individuals with a normal BMI, even 
in the absence of demonstrable lung disease [26].

In a recent meta-analysis, Banno and his 
colleagues showed that the exercised group 
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Table 2. Characteristics of the study participants, stratified by gender

c2
P- value

Women Numbers 
(percentage%)

Men Numbers 
(percentage%)

Total 
sample(1002)Study variables

25.009
0.000 **

36 (10.7 %)
116 (34.4 %)
122 (36.2 %)
63 (18.7 %)

104 ( 15.6 %)
294 (44.2 %)
201 (30.2 %)
66 (9.9 %)

140
410
223
129

1/ Subjective sleep quality
Very good
Fairly good
Fairly bad
Very bad

8.992
0.029 *

68 ( 20.2 %)
114 (33.8 %)
96 (28.5 %)
59 (17.5 %)

167 ( 25.1 %)
249 (37.4 %)
170 (25.6 %)
79 (11.9 %)

235
363
266
138

2/Sleep latency (min)
≤15
16–30
31–60
>60

2.670
0.445

132 (39.2 %)
131 (38.1 %)
46 (13.6 %)
28 (8.3 %)

239 ( 35.9 %)
268 (40.3 %)
84 (12.6 %)
74 (11.1 %)

371
399
130
102

3/Sleep duration(hours)
>7
6–7
5–6
<5

9.020
0.029*

145 ( 43.0 %)
70 (20.8%)
48 (14.2 %)
74 (22.0 %)

352 (52.9 %)
118 (17.7 %)
81 (12.2 %)
114 (17.1 %)

497
188
129
188

4/sleep efficiency (%)
>85%
75–84%
65–74%
<65%

24.986
0.000**

33 ( 9.8 %)
220 (65.3 %)
81 (24.0 %)
3 (0.9%)

88 (13.2 %)
493 (74.1 %)
80 (12.0 %)
4 (0.6 %)

121
713
161
07

5/Sleep disturbances
0
<1/week
1–2/week
≥3/week

2.121
0.548

302 ( 89.6 %)
16 (4.7 %)
12 (3.6 %)
7 (2.1 %)

588 ( 88.4%)
42 (6.3 %)
17 (2.6 %)
18 (2.7 %)

890
58
27
25

6/Use of sleep medication
0
<1/week
1–2/week
≥3/week

30.117
0.000**

76 ( 22.6 %)
171 (50.7 %)
75 (22.3 %)
15 (4.5 %)

253 ( 38 %)
300 (45.1 %)
86 (12.9 %)
26 (3.9 %)

329
471
161
41

7/Daytime dysfunction
Not a problem
Fairly a problem
Problem
Very big problem

16.469
0.000**

238 ( 70.6 %)
99 (29.4 %)

382 ( 57.4 %)
283 (42.6 %)

620
382

8/Sleep quality
Good
Poor

9.686
0.008**

232 ( 68.8 %)
44 (13.1 %)
61 (18.1 %)

400 ( 60.2 %)
136 (20.5 %)
129 (19.4 %)

632
180
190

9/ Physical activity
Light
Moderate
vigorous

14.487
0.001**

23 ( 6.8 %)
186 (55.2 %)
128 (38.0 %)

15 ( 2.3 %)
356 (53.5%)
294 (44.2 %)

38
542
422

10/Body mass index
underweight
Normal
Overweight /Obesity

Note. *p < .05, **p < .01.
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Table 3. Sleep quality index according to the level of physical activity in the study participants.

c2
P- value

insufficient physical 
activity

sufficient physical 
activity

Total sample
(n=1002)Study variables

5.794

0.122

66 (17.1 %)

159 (41.1 %)

115 (29.7 %)

47 (12.1 %)

74 (12 %)

251 (40.8 %)

208 (33.8 %)

82 (13.3 %)

140

410

323

129

1/ Subjective sleep quality

Very good

Fairly good

Fairly bad

Very bad

0.719

0 .869

96 (24.8 %)

138 (35.7 %)

102 (26.4 %)

51(13.2 %)

139 (22.6 %)

225 (36.6 %)

164 (26.7 %)

78 (14.1 %)

235

363

186

129

/2 Sleep latency (min)    

≤15

16–30

31–60

>60

1.622

0.654

152 (39.3 %)

150 (38.8 %)

46 (11.9 %)

39 (10.1 %)

219 (35.6 %)

249 (40.5 %)

84 (13.7 %)

63 (10.2 %)

371

399

130

102

3/Sleep duration(hours)

>7

6–7

5–6

<5

2.801

0.423

201 (51.9 %)

68 (17.6%)

53 (13.7 %)

65(16.8 %)

296 (48.1 %)

120 (19.5 %)

76 (12.4 %)

123 (20.0 %)

497

188

129

188

4/sleep efficiency (%)

>85%

75–84%

65–74%

<65%

3.481

0.323

43 (11.1 %)

288 (74.4 %)

54 (14.0 %)

2 (0.5%)

78 (12.7 %)

425 (69.1 %)

107 (17.4 %)

5 (0.8 %)

121

713

161

07

5/Sleep disturbances

0

<1/week

1–2/week

≥3/week

6.657

0.084

347 (89.7 %)

26 (6.7 %)

5 (1.3 %)

9 (2.3 %)

543 (88.3%)

32 (5.2 %)

24 (3.9 %)

16 (2.6 %)

890

58

29

24

6/Use of sleep medication

0

<1/week

1–2/week

≥3/week

2.825

0.419

132 (34.1 %)

187 (48.3 %)

53 (13.7 %)

15 (3.9 %)

197 (32 %)

284 (46.2 %)

108 (17.6 %)

26 (4.2 %)

329

471

161

41

7/Daytime dysfunction

Not a problem

Fairly a problem

Problem

Very big problem
 
4.266

0.039*
224 (57.9 %)

163 (42.1 %)

396 (64.4 %)

219 (35.6 %)

620

382

8/Sleep quality

Good

Poor

1.255

0.263

265 (68.5 %)

122 (31.5 %)

400 (65%)

215 (35 %)

665

337

9/ Gender

Men

Women

5.220

0.015*

228 (58.9 %)

147 (38.0 %)

314 (51.1%)

275 (44.7 %)

542

422

10/Body mass index

Normal

≠

Overweight /Obesity

Note. *p < .05 .
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decreased up to 3 points in the Pittsburgh Sleep 
Quality Index, and 3.22 points in the Insomnia 
Severity Index when compared with the control 
group. A slight increase in daily physical levels is 
an effective strategy to improve sleep duration and 
decrease sleep latency [27].

In adults, a high level of body mass index (BMI) 
is related to numerous physiological changes 
in lung function, regardless of asthma such as a 
decrease in functional residual capacity (FRC) and 
expiratory reserve volume (ERV). In addition, there 
is a moderate reduction in total lung capacity(TLC), 
vital lung capacity (VLC), and residual volume (RV) 
in obese individuals with a BMI ≥ of 30 compared 
to normal-weight individuals [28]. In patients with 
increased abdominal obesity, pulmonary function is 
further compromised in supine patients by decreased 
diaphragmatic excursion, making ventilation more 
difficult. Furthermore, increased inflammatory 
cytokines associated with obesity may contribute to 
the increased morbidity associated with obesity in 
COVID-19 infections [29]. 

Another line of reasoning indicates that regular 
physical exercise exerts beneficial effects on 
sleep by acting on factors that can compromise 
sleep quality, such as obesity [30]. Recently, the 
European CBT-I Academy published practical 
recommendations for improving sleep problems 
during the COVID-19 outbreak, in which they 
recommend physical exercise, especially in the 
daylight, as a tool to sleep better [31]. However, 
the lack of significant association between sleep 
disturbances and insufficient physical activity could 

be explained by using self-reports to assess the 
level of physical activity and sleep disturbances, 
which might have led to different perceptions and 
method biases. It was highly suggested that regular 
moderate-intensity exercise program improves self-
rated sleep quality in older adults with moderate 
sleep complaints [32]. 

As shown in Table 4, the statistical test obtained 
a correlation coefficient (R= -0.05) with P > 0.05, 
so it can be stated that there is no significant 
relationship between that total score of PSQI and 
global PA levels score during lockdown. Although, 
these results differ from some previously published 
studies [33, 34], they are consistent with those of 
[35, 36].

Limitations
There are some limitations that need to be 

considered in our study. First, the cross-sectional 
study design does not allow to establish causal 
inferences, so future well-designed longitudinal 
studies are needed in order to clarify causality. 
Second, we did not use any objective measurement 
for the evaluation of PA levels and sleep quality. 
Therefore, differentiating between the effects of 
physical activity and exercise on sleep quality 
was difficult due to the lack of information in the 
questionnaire to conclude if the exposure was 
physical activity or exercise. Moreover, validation 
studies of self-reported sleep show evidence 
of systematic bias as responses often lead to 
overestimation of the amount of sleep compared 

Table 4. Correlation coefficients between the study variables.

Study variables 1 2 3 4 5 6 7 8 9 10 11

Subjective sleep 
quality 1

Sleep latency (min) .353** 1

Sleep duration (hours) -.273** -.093** 1

sleep efficiency (%) -.078* -.205** .266** 1

Sleep disturbances .261** .296** -.075* -.102** 1

Use of sleep 
medication .129** .118** -.036 .021 .193** 1

Daytime dysfunction .315** .146** -.098** -.074* .311** .173** 1

Sleep quality .635** .601** -.551** -.404** .460** .357** .512** 1

Physical activity 
(minutes) -.067* -.001 .014 .019 -.023 -.023 -.037 -.050 1

BMI -.017 -.021 -.117** -.009 .049 .012 -.076* .018 -.019 1
Gender .152** .092** .042 -.098** .168** -.011 .144** .144** -.066* -.085** 1

Note. *p < .05, **p < .01.
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to the measurement made by using actigraphy 
[37]. Third, the understanding of questionnaires is 
dependent on other individual and environmental 
characteristics as socioeconomic status, age, and 
seasonal variation [38]. In addition, daily naps, 
are not assessed by the PSQI questionnaire [34]. 
Therefore, to avoid incorrect generalisations and 
confirm a causal relationship between PA level 
and sleep quality, future studies using objective 
measures should be warranted.

Conclusions
In conclusion, Algerian adults are prone to low 

levels of physical activity and good sleep quality 

during lockdown. Furthermore, poor sleep quality is 
associated with insufficient physical activity.
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Abstract
Background 
and Study 
Aim

The aim of this study is to investigate the effect of plyometric training on the damage muscle in 
amateur footballers. 

Material and 
Methods

The research group consists of 19 footballers with an average age of 23.41 ± 3.2. In addition to football 
training, the research group received a plyometric training program from the third week of the 
preparation period (two days a week) to the sixth week of the competition period (one day a week). 
Blood samples were taken in the sixth week of the competition period, before and after the training 
and on the day of the competition. CK activity was determined in sera obtained from centrifuged 
blood. It was analyzed with the Roche Diagnostic kit on an Integra (800-Roche) biochemistry device. 
Tests used: Vertical Jump Test; 30 m. Sprint Test; Illinois Agility Test; Flexibility Test. Statistical 
analysis were performed by t-test, according to normality test in SPSS 10.0 package program.

Results The blood samples taken before and after the training were compared with creatine kinasevalues. 
It was seen that there was an increase and this increase returned to normal on the match day. In 30 
meters sprint tests and Iliniois tests, significant reductions were found (p<0.05). While a significant 
difference was detected in the pre- and post-tests, pre-training and match day, no significant 
difference was found in CK values (p>0.05).

Conclusions Based on the results of this study, it can be recommended to reduce the intensity of the training 
to be done after the plyometric training due to the high CK value in the blood. It can be said that 
plyometric studies can play an important role in improving the performance of footballers.

Keywords: muscle damage, football, plyometrics, training

Introduction1

The improvement of the football team 
performance and the personal performance of the 
footballers have caused an increase in the total 
distances run during a match each year. The rule that 
prevents the side shots from being played inside the 
penalty area has been changed. The players, who go 
back and forth between two goalposts at a distance 
of 60-70 m, had to increase their performance, 
physical and physiological strength by going back 
and forth between two goalposts at a distance of 
about 90m, at different speeds, together with the 
change of this rule. The success of the team and the 
continuity of the match of the footballers increased 
the physical and physiological load under these 
conditions, and thus the risks of serious injury 
increased. With the intense match traffic and the 
intensity of the national matches, football has 
started to be played faster and more paced with the 
updated game rules. That the players are free from 
injury, their performance is always at the highest 
level, playing matches with the same team skeleton 
and continuing the season have always been the 
first priority of the coaches. Having a football player 
profile that can maintain the existing capacity 
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at the highest level during the match and has the 
best endurance characteristics has been the first 
priority of the coaches [1-3]. Athletes who use their 
physical strength best, who do not get tired easily, 
who can rest quickly and who can recover, are 
tried to be included in the transfer lists by paying 
astronomical prices, especially by European clubs 
with huge budgets [4-6]. In the analyzes made on 
the footballers playing in the national teams, it was 
found that they ran a distance of approximately 10-
12 km during the match, this distance increased every 
year with the further development of their training 
models. And it was also found that footballers tried 
to do of approximately 10 difficult and combined 
movement out of 1200 independent movements 
in every 3-5 seconds. It has been revealed by the 
researches made by scientists that they try to run 
forward and backward by sprinting 30-40 m to the 
opponent and the ball, and perform more than 700 
movements that require speed, agility and skill [7, 8]. 
Football matches are tougher, more aggressive and 
have higher intensity compared to previous years. 
The number of matches played by footballers today 
has also increased compared to the past. Therefore, 
in today’s football, footballers need more strength 
and endurance. In the studies on football injuries, it 
is reported that while hamstring (back leg) injuries 
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[9] constitute 7% of football player injuries, this rate 
has increased to 12-17% today [10]. In the studies 
conducted in the English leagues, it is estimated that 
the cost of injury in a season exceeds one hundred 
(100) million pounds. For this reason, various 
studies show that footballers reach an improved 
physical capacity with strength training, which also 
reduces the risk of injury [11].

Hamstring injury is the most common type of 
injury in football [12 -15]. There are many potential 
risk factors for hamstring injuries, such as age, 
athlete’s position, previous hamstring injury, 
musculature, fatigue, flexibility and strength. 
Injuries in the hamstring group of muscles are 
usually seen in two joints as a result of sudden and 
excessive contraction of the muscles. These are 
hip flexion and knee extension [16]. Eniseler [11] 
reported that it is important to develop the hamstring 
muscle group, so that injuries that may occur can 
be prevented and that it will make an important 
contribution to football player performances during 
the match, and he hasalsoreported that pliomeric 
training is an indispensable part of football training. 
He stated that by improving hamstring strength 
with eccentric contraction, hamstring muscle 
injuries are reduced and the highest efficiency is 
achieved with plyometric training, especially in 
such football-specific exercises. For this reason, 
plyometric training is an indispensable element 
in transforming the strength gained into football-
specific power.

Plyometric studies have an important place in 
many studies applied to develop the muscle groups 
used especially when performing high speed and 
power movements with and without the ball. It 
has been shown that plyometric studies especially 
improve physical performance (speed, quickness, 
agility, anaerobic capacity) [17]. Although plyometric 
exercises in various branches are used by many 
trainers and performance developers as a common 
working method used for speed, explosive power, 
explosive reaction and eccentric muscle control in 
dynamic movements, it is known that these exercises 
cause muscle damage and muscle injuries [18 - 20]. 
The first signs of damage immediately after exercise 
are decreased strength and loss of function. The 
damage to the muscle is more prominent after an 
unadapted exercise, depending on the intensity and 
volume of the exercise [21]. If the training is unusual 
or very intense, the muscles can be damaged and 
take time to return to normal.  A suitable recovery 
is needed according to the intensity of the training. 
For these reasons the muscle damage experienced 
is called training-related muscle damage [22]. 
Creatine kinase (CK), the enzyme that determines 
muscle damage, increases in serum during muscle 
damage. An increase in the level of CK in the serum 
is an indicator of muscle tissue damage [23 - 25]. It 
is known that in muscle damage that occurs after 

training, the blood CK value increases depending 
on the race, gender, age and exercise type of the 
individual. The rate of clearance from blood values 
varies according to the lymph flow of the person and 
the severity of the damage. At the end of the 24 hour 
period following the exercise, the creatine kinase 
concentration, which reaches its highest value, 
starts to decrease at the end of 48 hours and returns 
to its pre-exercise level after 72 hours [26, 27]. 
Eryılmaz et. al. [28] found damage in CK and lactate 
dehydrogenase (LDH) levels in blood samples taken 
after 30 m repetitive sprint training. It can be said 
that this may be due to the fact that the fatigue 
level of the athletes is at the highest level when the 
training scope of the athletes is increased 

In the light of the literature research, the purpose 
of this study is to determine whether the footballers 
carry the risk of injury after the plyometric training 
applied starting from the preparatory period in 
amateur footballers. The aim is to compare the 
blood samples taken before and after plyometric 
training with the creatine kinase values, to see if 
they carry the risk of injury and if there is a risk, to 
help investigate how much it affects the match day.

Material and Methods
Participants.
19 athletes (age 23.41 ± 3.2 years) who are both 

amateur footballers and students in the faculty 
of sports sciences without any injury or disease 
constitute the sample of the research (see table 1). 
Football players were given three predetermined 
plyometric training forms, the difficulty level of 
which was predetermined and repeated in each 
training. In this experiment, informed consent was 
obtained from all participants. All procedures were 
in accordance with the 2021 Declaration of Helsinki. 
This study was approved by Kahramanmaraş Sütçü 
İmam University Ethics Committee for research on 
human participants (2021/02).
Table 1. Anthropometric characteristics of the 
participants

Variables Plyometric Group
Mean±SD

Age (year) 23.41 ± 3.2
Height (cm) 169 ± 0.19
Weight (kg) 64.0,6± 7.12
BMI 21.02 ± 8.11

Research Design
In the 6th week of the competition period, just 

before and immediately after the training, blood 
samples were taken by the health personnel under 
hygienic conditions and transferred to a private 
hospital laboratory. CK activity was determined 
in sera obtained from centrifuged blood. It was 
analyzed with the Roche Diagnostic kit on an Integra 
(800-Roche) biochemistry device.
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Vertical Jump Test
Before the jump, athletes try to reach the highest 

point on the previously marked wall with bare feet, 
body in an upright position and one arm stretched 
and the last contact point is determined. Without 
moving, the athlete just shrinks, tries to jump up 
with two feet and the end point touched is marked. 
The end point touched by jumping is recorded. The 
best of the three attempts is taken. Vertical jump test 
is one of the most used tests in measuring strength 
and explosiveness [29].

30 m. Sprint Test
The test battery developed to measure the speed 

performance of footballers includes players’ passing 
a distance of 30 meters with the fastest speed by 
spending maximum effort. During the trials, the 
photocell was placed at meters 0 and 30meters. 
The athlete started 1 m behind the photocell. 
The athlete’s values at the end of meters 30 were 
recorded. The best of the two trials was evaluated. 
Reliability coefficient was found as α = .74 for 30 m 
sprint [30].

Illinois Agility Test
The limits were determined with funnels placed 

on the corners of the area with a width of 5 meters 
and a length of 10 meters where the test would be 
performed and the athletes’ departures and returns 
were directed with arrows drawn on the floor. The 
area where the test would be performed was divided 
in two longitudinal parts. Four funnels with a 
distance of 3.3 meters were placed on the mid line. 
The athletes started the test from one meter behind 
the photocell when they felt ready. Two trails 
were performed by taking rest and recovery into 
consideration, and the best result was evaluated 
[31].

Flexibility Test
The upper surface of the sit and reach box, which 

has a length of 35 cm, width of 45 cm, height of 
32 cm with an upper surface length of 55 cm and 
width of 45 cm, is 15 cm further than the surface 
on which the feet rest. 0-50 cm measurement ruler 
is indicated with 5 cm parallel line intervals on the 
upper surface. After the athletes warm up, they sit 
with their bare feet soles under the 15 cm shorter 
part of the test table and they reach forward as far as 
possible with the hands in front of the body without 
bending the knees. The best of the two attempts is 
determined in cm [32].

Predetermined standard football training 
programs were applied to all athletes in the study 5-6 
days a week during the preparation and competition 
period. Pre-training, post-training and matchday 
blood samples were taken at the sixth and sixth 
week of the preparation phase and competition 
period (see table 2). 

Table2. Footballers plyometric work design and 
tests

Group / Number of 
footballers

Research Group 
(n=/19)

Number of Football Practices 
per Week 5 Day

The Beginning of Plyometric 
Trainings

Preparation Period III. 
week

Plyometric Training 
Preparation Period Number 
of Weekly Work

2 Day

Plyometric Training 
Competition Period Weekly 
Number of Work

1 Day

Plyometric Training Time / 
Rest Time (sec) 20min / 1:10sec

Performance Pre-Tests Preparation period III. 
week

Performance Post –Tests Preparation period VI. 
week

CK Pre-workout First test Competition Period 
VI. week

Second test after CK Training Competition Period 
VI. week

CK Final Test Competition Period 
VI. week

The design of the Plyometric Training program was 
developed by the researcher.

12 plyometric movements, which are thought to 
improve agility, speed and power, were applied to 
the footballers within the standard football training 
program (see table 3).

Plyometric training Program
They completed the plyometric training 

program applied to footballers by performing sprint 
movements with a change of direction, varying 
between 2 and 6 meters, two days a week during 
the preparation period and once a week during the 
competition period (table 4).

Statistical Analyses
Data analysis was performed by the SPSS 

software version 22.0 program. Data were expressed 
as mean ± standard deviation (ss). The t test was 
used to determine the differences between groups. ​
Variances were found to be homogeneous for 
all protocols. Significance level was interpreted 
according to p<.05, p<0.1 and p<.001.

Results
According to table 5 after the plyometric 

training, in the pre-test and post-test values of the 
footballers. In 30 meters sprint tests and Iliniois 
tests, significant reductions were found (p<0,05). 
Significant increases were found in vertical jump 
and flexibility values (p<0,05).

Pre, Pre-training, Post, Post-training
According to table 6 comparing the pre-test and 

post-test blood values of the plyometric training 
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Table 3. Plyometric movements applied to footballers

1st Plyometric Movement One legged side over barrier (OLSB)

2 d Plyometric Movement Ankle hops (AH)

3 d Plyometric Movement Sid hope over barrier (SHB)

4 th Plyometric Movement Lateral bounding (LB)

5 th Plyometric Movement One leg bounding (OLB)

6 th Plyometric Movement Standing long jump (SLJ)

7 th Plyometric Movement Splitsqut Jumps(SJ)

8 th Plyometric Movement LandingTecnique(LT)

9 th Plyometric Movement TuckJums(TJ)

10th Plyometric Movement Standing long jump lateral (SLJL) 

11th Plyometric Movement Standing long jump lateral Sprint (SLJLS)

12 Plyometric Movement Standing long jump with barrier jump (SLJBJ)

OLSB = one legged side over barrier;  AH = ankle hops ; SHB = sid hope over barrier; LB = lateral bounding; 
OLB = one leg bounding; SLJ = standing long jump; SJ = splitsqut jumps; LT= landing technique; TJ= tuck 
jumps; SLJL = standing long jump lateral; SLJLS = standing long jump lateral sprint; SLJBJ= standing long 
jump with barrier jump.

Table 4.  Plyometric training program

Season Weekday Plyometric 
Exercises Set

The 
number of 
repetitions

Between Set 
Rest.(s) Training intensity

Pr
ep

ar
at

io
n 

Pe
ri

od

3

Tuesd
1st OLSB 2 3 1:6 % 60-70
2d AH 2 3 1:6 % 60-70
3d SHB 2 3 1:6 % 60-70

Thurs
3d SHB 2 3 1:6 % 60-70
4th LB 2 4 1:6 % 60-70
6th SLJ 3 4 1:7 % 80-90

4

Tuesd
1st OLSB 3 4 1:7 % 80-90
3d SHB 3 5 1:7 % 80-90
5th OLB 3 6 1:8 % 80-90/2-3m. sprint

Thurs
7th SJ 3 6 1:8 % 80-90
8th LT 3 6 1:8 % 80-90/2-3m sprint
9th TJ 3 6 1:8 % 100/ 2-3m sprint

Co
m

pe
ti

ti
on

 p
er

io
d

10th SLJL 3 6 1:10
5 Wednes 11th SLJLS 3 6 1:10 % 100/5-6m sprint

12th SLJBJ 3 6 1:10
10th SLJL 3 6 1:10

6 Wednes 11th SLJLS 3 6 1:10 % 100/5-6m sprint
12th SLJBJ 3 6 1:10
9th TJ 3 6 1:10

% 100/5-6m.sprint with 
change of direction

7 Wednes 11 SLJLS 3 6 1:10
12 SLJBJ 3 6 1:10
10th SLJL 3 6 1:10

% 100/5-6 m. sprint with 
change of direction

8 Wednes 11th SLJLS 3 6 1:10
12th SLJBJ 3 6 1:10

“Sunday”.Tuesd = Tuesday; Thurs = Thursday; Wednes = Wednesday. *The Plyometric Training program was 
developed by the researcher assuming that the match days would be on 
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Table 5. Analysis results for physical performance “pre-test and post-test” values of footballers doing 
pilepliometric training.

Variable Measure X(n=19) ss t p

30 m sprint
Pre 4,13 0,14

2,52 0,03**
Post 4,11 0,08

Vertical jump   tests
Pre 2,70 0,12

1,72 0,00**
Post 2,76 0,09

İllinois  agility
Pre 18,22 0,88

1,72 0,03**
Post 16,99 0,72

Flexibility
Pre 23,44 3,20

6,71 0,00**
Post 26,57 3,66

Pre; Pre- training, Post; Post-training

Table 6. Analysis results for “pre-test and post-test” values for variables of blood values of footballers 
participating in the study.

Variable Measure X (n=19) ss t p

CK before and after training
Pre 161,63 60,74

-3,65 0,002**
Post 228,21 62,37

CK pre-training and matchday, 
before the match

Pre 161,63 60,74
0,34 0,732

Post 156,10 29,10

program data, before and after training values. 
While a significant difference was detected in the 
pre- and post-tests, pre-training and match day, 
no significant difference was found in CK values 
(p>0.05).

When figure1 is examined, when the blood 
samples taken and the CK values before and after the 
training were compared, an increase was observed, 
and it was seen that this increase returned to the 
normal level on the match day.

Discussion
In this study it was observed that there was a 

significant increase in CK values in pre-test and 
post-test results in blood tests taken from footballers 

aged 19-28 before and after training. However, it was 
determined that there was no significant difference 
in the pre-training and pre-match CK values of the 
athletes (see table 6 and see figure 1). According 
to the analysis results; It was seen that plyometric 
trainings made a significant contribution to the 
performances of football (see table 5). Based on 
these results, it can be said that plyometric studies 
(see Table 4) will not cause injuries on the match 
day, as pre-match CK values return to normal.

 In addition, it is frequently reported in the 
literature that plyometric exercises significantly 
improve the performance of athletes. 

Eniseler [11] and Baechle [33] defined the aim 
of plyometric training as reaching maximum power 

Figure1. Creatine kinase (CK) values of the players before training, after training and match day

https://sportedu.org.ua/index.php/PES/pages/view/trebovaniya-e#10
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and improving speed ability with the strength 
gained during activities performed at a certain speed 
close to the maximum. At the same time, plyometric 
exercises are very important for the development of 
sportive performance in footballers who use speed, 
agility and strength together. They state that there 
is muscle strength in exercises without the ball 
such as jumping, sprinting, agility, interventions 
involving intense contact, and all exercises with the 
ball.

Lin et al [34] investigated the effects of plyometric 
training and creatine monohydrate supplementation 
on anaerobic capacity and muscle damage in their 
study on 26 male athletes. As a result, they found 
that plyometric exercises significantly improved 
the development of the anaerobic capacity of the 
athletes, as well as their characteristics such as 
speed and agility.

The peak time of creatine kinase, which rises 
after exercise, varies depending on the intensity, 
type and duration of exercise. In other studies, 
different results were obtained regarding the peak 
time. It has been revealed after the researches that 
the CK value reaches its highest level 2 or 4 days 
after the exercise [22]. 

Kaplan [35] evaluated muscle enzymes in terms 
of muscle damage caused by Nordic Hamstring 
Exercise and Slide Board Hamstring Curl Exercise, 
which are eccentric exercises used in sports 
branches in his study on footballers. It was reported 
that muscle enzyme values continued to increase 3, 
24 and 48 hours after exercise.

Khan et al. [36] in his study in which he examined 
the sprint values of footballers and the muscle 
damage due to them, stated that the CK value in the 
blood after the tests may last for 24-48 or even 72 
hours. This result of the research shows parallelism 
with our research results.

Conclusions
Based on the results of this study, it can be 

recommended to reduce the intensity of the training 
to be done after the plyometric training due to the 
high CK value in the blood. 

It can be said that plyometric studies can play 
an important role in improving the performance of 
footballers.

In the light of this information, the CK value 
in the blood may increase after a plyometric 
training, which may cause injury. For this reason, it 
is necessary to pay attention to the load that may 
cause injury while planning the studies after the 
competition period plyometric training.

It can be said that the inclusion of plyometric 
training programs in addition to the existing 
training programs of footballers can contribute to 
the development of physical performances such as 
speed, agility and changing direction at high speed, 
which they encounter most during the match. 

Suggestions
Coaches will significantly contribute to 

footballers development if they include plyometric 
training to the current training period (preparation, 
competition period or transition period) by taking 
the football player’s age, the scope of the training 
into consideration. It can be said that the plyometric 
training programs applied to this group can also be 
applied in teams of lower age groups by changing 
the number of repetitions and rest periods according 
to the difficulty levels and age categories. The 
subject of this study can also be applied in amateur 
footballers by considering the differences between 
positions. The effects of plyometric training in 
different branches and in different age categories, 
the muscle damage of players, and physical and 
physiological parameters can also be examined.

In different studies, changing muscle enzyme 
levels can be compared by changing gender or age 
groups. As another suggestion, this study can be 
applied to the sample by adding more detailed and 
detailed biochemical tests.
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Abstract
Background 
and Study 
Aim

The hamstring and quadriceps muscles can have strength differences because of the sportive 
activities. It is known that sportive hamstring quadriceps strength imbalance can cause decreasing 
sportive performance and injuries. Also, each sports branch can have a specific effect on the hamstring 
quadriceps strength ratio. Therefore, the aim of this study was to examine the effects of different 
combat sports branches on the hamstring quadriceps ratio.  

Material and 
Methods

Wrestlers (N=10), boxers (N=10), wushu athletes (N=10) voluntarily participated in the study (also 
university students). Subjects were administered standard warm-up and then a strength measurement 
test was performed. Subjects performed knee extensor (quadriceps) and flexor (hamstring) isokinetic 
strength test (concentrically) with his dominant leg at 60° angular velocity with by Cybex device 
(Cybex NORM®. Humac. CA. USA). Peak and average strength were recorded automatically by the 
device. The SPSS package program was used in the analysis of the data. The isokinetic strength 
measurements of three groups were analyzed with one-way ANOVA. 

Results There were no significant differences between groups’ peak isokinetic strength ratio (wrestlers 
0.58±0.09 boxers 0.56±0.07 and wushu athletes 0.57±0.12). Also, the average isokinetic strength ratio 
was not significantly different (wrestlers 0.56±0.08. boxers 0.60±0.08 and wushu athletes 0.53±0.11). 

Conclusions According to the results, it can be said that combat sports athletes’ hamstring quadriceps ratio can be 
affected by their sports branches, also by characteristics and training levels.

Keywords: imbalance, hamstring, quadriceps, ratio.

Introduction1

Muscle strength is one of the most important 
components of sports for both the prevention of 
injuries and high performance. There are several 
ways to assess muscle strength, balance and 
joint stabilization. The most useful method for 
determining muscle balance and strength between 
dominant/non-dominant and agonist/antagonist is 
isokinetic dynamometers [1]. For years, isokinetic 
dynamometers have been used to determine 
muscle balance and strength, as well as for muscle 
development and rehabilitation [2]. In addition, 
determining the isokinetic strength profiles 
of the athletes in different branches has great 
importance in terms of providing the continuity of 
the requirements of the branch and the high-level 
performance of the athletes [3].

Muscle fatigue is a common problem in athletes. 
For this reason, it is necessary to evaluate muscle 
fatigue and its related results. Another important 
element in exercise and competition is knee joint 
stabilization. Joint stabilization consists of static 
and dynamic stabilization. Thanks to the hamstrings 
and quadriceps, dynamic stabilization is provided in 
the knee joint [1]. To assess the balance of strength 

© Ali Tatlici, Berkay Löklüoğlu, 2022 
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between opposing muscle groups, the strength 
ratios of these muscle groups are measured. Studies 
on the hamstring-quadriceps strength ratio can 
provide accurate results about muscle balance and 
dynamic stabilization in the knee joint.

To make accurate assessments about muscle 
balance and dynamic stabilization in the knee joint, 
it is necessary to determine the H/Q (hamstring/
quadriceps) strength ratios. The H/Q ratio is 
calculated by the ratio of the maximum knee 
flexor (hamstring) and maximum knee extensor 
(quadriceps) peak torques at the same angular 
velocity and concentric contraction. As an example, 
the functional H/Q ratio for knee extension is 
calculated by expressing the maximum eccentric 
hamstring moment relative to the maximum 
concentric quadriceps moment achieved at a given 
angular velocity [4]. This ratio is also known as a 
convenient parameter that shows trends towards 
injuries [5-8]. In addition, due to the importance of 
flexor-extensor muscle strength balance, the H/Q 
ratio is used for rehabilitation in case of knee injury 
[2, 9].

Except for acute trauma, athletes’ injuries 
mostly occur due to strength imbalance. Because 
the amount of load on the musculoskeletal system 
is much higher in sports branches involving high-
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intensity activities compared to endurance sports, 
the risk of injury increases. Therefore, special 
attention should be paid to the strength balance 
of muscle groups when planning training in sports 
branches where high-intensity activities such as 
combat sports are dominant [10].

As with many sports branches, combat sports 
have specific effects in terms of hamstring 
quadriceps strength ratios. These effects may differ 
from branch to branch. Therefore, this study aimed 
to examine the effects of different combat sports 
branches on the hamstring quadriceps ratio.

Materials and Methods
Participants
Total 30 athletes; wrestlers (n=10 age 20.40±1.57 

year, height 178.30±6.75 cm and body weight 
77.20±8.71kg), boxers (n=10, age 21.40±2.67 year, 
height 173.20±7.70 cm and body weight 69.30±9.58 
kg), wushu athletes (n=10, age 21.70±2.21year, 
height 178.00±5.14 cm and body weight 78.50±9.62 
kg) voluntarily participated in the study (also 
university students, at least 5 years experience). 

Participants were informed about the risks of the 
study. All participants provided written informed 
consent. The study was approved by the local ethics 
committee (Protocol number 74, 19.10.2020, Ethics 
Committee of Selcuk University, Faculty of Sports 
Science, Konya, Turkey).

Research Desing
5 min standardized warm-up protocol was 

performed on a cycle ergometer at a rate of 60–
70 rpm before isokinetic strength testing. After 
warming up, measurements of the knee isokinetic 
flexor (hamstring) and extensor (quadriceps) muscle 
strengths of the participants’ dominant legs were 
taken with the concentric contraction protocol. 
The isokinetic strength measurements were taken 
using a cybex device (Cybex NORM®. Humac. CA. 
USA) at 60 ° sec−1 angular velocity. Peak and average 
isokinetic strength measurements were recorded 
automatically by the device. 

Isokinetic Strength Measurement
The isokinetic strength measurements of the 

knee were performed by an isokinetic dynamometer 
(Cybex NORM®, Humac, CA, USA) in the 
kinatropometry laboratory of Selcuk University. 

Participants were seated in the correct position 
in the test seat. The participants’ holders and the 
middle sections of the thighs were stabilized to the 
seat by the tapes. In addition, they were allowed 
to brace for support by holding the handles on the 
right and left sides of the seat during the test. The 
participants were instructed to complete a ROM 
from 90° to 10°. The point of the beginning was 90° 
of flexion, then moving into extension.  

Each participant was given a familiarization 
at 60° sec−1 for five repetitions [11]. When the 
familiarization was done, each participant had a 
2-min rest. After the rest period, each participant was 
asked to perform five repetitions as hard and fast as 
possible he could at a speed of 60° sec−1. Participants 
were verbally encouraged. The isokinetic strength 
data were automatically recorded by the device 
as peak strength in newton meters and average 
strength in watts. 

Statistical Analysis
The data were presented as mean and standard 

deviation. The Shapiro-Wilk test is used to check 
a data set for normality to make parametric tests 
applicable. Skewness and kurtosis values were 
checked for datasets that were not normally 
distributed, and those within ±2 were accepted to 
be normally distributed. One-way ANOVA used for 
data analysis in comparing multiple parameters. All 
statistical tests were performed using the software 
package SPSS version 24.0 (SPSS Inc., Chicago, IL, 
USA). An alpha value of <0.05 was considered to be 
statistically significant.

Results
Table 1 shows that there is no statistical 

difference between the groups in terms of age, 
height and body weight.

When the isokinetic strength outputs were 
examined, it was found that the isokinetic strength 
parameters of groups were not statistically different 
(see Table 2).

In table 3. when the relative isokinetic strength 
outputs were examined, it was found that there were 
no statistically difference between groups relative 
isokinetic strength parameters.

The peak strength ratios and the average strength 
ratios of the groups did not differ statistically (see 
Table 4).

Table 1. Comparison of demographic characteristics of groups.

Variables
Box Wrestling Wushu

P
Mean±SD Mean±SD Mean±SD

Age (year) 21.40±2.67 20.40±1.57 21.70±2.21 0.39

Height (cm) 173.20±7.70 178.30±6.75 178.00±5.14 0.17

Body Weight (kg) 69.30±9.58 77.20±8.71 78.50±9.62 0.64

*Statistically significant differences (P< 0.05).
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Table 2. Comparison of isokinetic strength of groups

Variables Groups Mean Std. 
Deviation

95% Confidence Interval 
F P

Lower    Upper
Peak 

Extension

(Torque)  

Box 221.50 48.87 186.54 256.46

1.793 0.18Wrestling 241.00 21.79 225.41 256.59

Wushu 250.60 28.56 230.17 271.03

Peak 

Flexion

(Torque)  

Box 124.90 28.16 104.76 145.04

1.059 0.36Wrestling 141.10 31.41 118.63 163.57

Wushu 142.40 30.22 120.78 164.02

Average 

Extension

(Watt) 

Box 155.30 30.32 133.60 177.00

2.230 0.12Wrestling 168.30 18.84 154.82 181.78

Wushu 175.80 13.13 166.41 185.19

Average

Flexion

 (Watt)  

Box 93.10 20.60 78.36 107.84

0.011 0.98Wrestling 94.30 12.89 85.08 103.52

Wushu 93.70 20.30 79.18 108.22

*Statistically significant differences (P<0.05).

Table 3. Comparison of relative isokinetic strength of groups

Variables Groups Mean Std. 
Deviation

95% Confidence Interval 
F P 

Lower    Upper
Peak 

Extension

(Torque)  

Box 3.18 .49 2.83 3.54

0.130 0.87Wrestling 3.14 .29 2.92 3.35

Wushu 3.25 .66 2.78 3.72

Peak 

Flexion

(Torque)  

Box 1.79 .24 .07 1.61

0.40 0.96Wrestling 1.82 .33 .10 1.58

Wushu 1.83 .47 .14 1.50

Average 

Extension

(Watt) 

Box 2.24 .32 2.01 2.47

0.198 0.82Wrestling 2.18 .19 2.04 2.32

Wushu 2.27 .36 2.01 2.53

Average

Flexion

 (Watt)  

Box 1.33 .18 1.20 1.47

0.942 0.40Wrestling 1.22 .15 1.11 1.34

Wushu 1.20 .30 .99 1.42

*Statistically significant differences (P<0.05).

Table 4. Comparison of peak and average strength ratios of groups

Variables Groups Mean Std. Deviation
95% Confidence Interval 

F P
Lower    Upper

Peak

Rate

(Torque)  

Box .56 .07 .51 .61

.057 0.94Wrestling .58 .09 .51 .65

Wushu .57 .12 .48 .66

Average

Rate

(Watt)  

Box .60 .08 .54 .66

1.096 0.34Wrestling .56 .08 .50 .62

Wushu .53 .11 .45 .62

*Statistically significant differences (P<0.05).
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Discussion
Muscle strength is one of the most important 

indicators of success in sports performance and 
prevention of injury. Some methods are used to 
evaluate muscle strength. One of them is isokinetic 
strength assessment [3, 9]. The H/Q ratio is frequently 
evaluated to examine functional ability, knee joint 
stability, and muscle balance between the hamstrings 
and quadriceps at various angular velocities. It is 
also a widely used variable to evaluate function in 
both athletes and patients with various knee injuries 
and pathologies [12]. The H/Q ratio shows different 
specific effects from branch to branch. Therefore, 
it was examined the isokinetic strength values of 
athletes participating in combat sports branches as 
well as effects of different combat sports branches 
on the hamstring quadriceps ratio in this study. The 
results demonstrate that hamstring quadriceps ratio 
of combat sports athletes can be affected by their 
sports branches, also by characteristics and training 
levels. 

It is known that it is important to evaluate the 
isokinetic knee strength values and H/Q ratios of 
athletes in many sports branches. In the literature, 
there are many studies comparing isokinetic knee 
strength values and the H/Q strength ratios of 
athletes in different sports branches. Some of these 
were performed with the dominant leg, while others 
were performed with both legs. In addition, the 
measurements were performed at different angular 
velocities. In the study of Andrade et al. [13] on 
soccer players, handball players and judo players, 
peak extension torque values at 60°·s-1 angular 
velocity were found to be higher in judokas, while 
peak flexion torque values were found to be similar. 
Magalhaes et al. [3] also reported that the peak 
extension torque values higher in soccer players 
than volleyball players, while the peak flexion torque 
values were similar. Cheung et al. [12] stated that 
the peak flexion torque values in soccer players were 
statistically higher than in volleyball players and 
basketball players, but the peak extension torque 
values were similar. In contrast, no statistically 
significant differences were found between sports 
branches in terms of isokinetic strength values 
at 60°·s-1 angular velocity in our study. Maly et 
al. [14] indicated that no statistically significant 
differences were found between soccer and floorball 
players in terms of isokinetic strength values. These 
results are similar to the our study. The finding of 
no differences in the isokinetic strength values in 
different sports may be associated with training 
adaptations and levels.

There are limited studies comparing the H/Q 
strength ratios of combat sports branches. However, 
when we examine the branches one by one, Tatlici et 
al. [15] reported that while H/Q strength ratios were 
0.58 in the dominant leg before 8- week wrestling-
specific training, it decreased to 0.52 after wrestling-
specific training. Zhou et al. [16] on the other hand, 
stated that the strength ratio of boxers was 0.61 in 
the results of their study. Jung et al. [17] stated that 
the H/Q strength ratio of taekwondo athletes was 
62.8 in their right legs and 59.4 in their left legs.

Andrade et al, [13] reported that the H/Q ratios 
of handball players and soccer players at an angular 
velocity of 60°·s-1 were similar, while the ratios of 
judokas were lower than other two sports branches. 
Magalhaes et al. [3] also reported that the H/Q 
ratios of soccer players were statistically higher 
than volleyball players. Cheung et al. (2012) stated 
that the H:Q ratio was statistically higher in soccer 
players at an angular velocity of 60°·s-1 than in 
volleyball and basketball players. In addition, Maly 
et al. [14] stated that soccer players have higher 
H/Q ratio values than floorball players at an angular 
velocity of 60°·s-1. These findings can be explained 
by the enhanced knee flexors specific load adaptation 
required by soccer. In contrast, Rosene et al. [9] 
reported that no statistically significant differences 
were found between soccer, volleyball and softball 
players in terms of H/Q ratio values. Similarly, 
Zakas et al. [18] stated that there were no statistical 
differences in terms of H/Q ratios between soccer 
players and basketball players playing in different 
leagues. In our study, no statistical differences were 
found between the H/Q strength ratios of athletes 
at an angular velocity of 60°·s-1 in different combat 
sports such as boxing, wrestling and wushu. Thus, it 
can be said that various combat sports have specific 
effects in terms of H/Q strength ratio.

Conclusions
According to the results, there were no 

significant differences between groups in terms of 
isokinetic strength parameters including peak and 
average values. Also, peak and average isokinetic 
strength ratios of groups did not differ statistically. 
Therefore, it can be said that combat sports athletes’ 
hamstring quadriceps ratio can be affected by their 
sports branches, also by characteristics and training 
levels. 
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Abstract
Background 
and Study 
Aim

The purpose of the study was to examine the effectiveness of a 14-week intervention in improving 
coordination skills among female university students. The intervention consisted in physical 
education lessons with basketball focus, the final practical outcome being to practice a coherent and 
satisfying game for the players. 

Material and 
Methods

The research was carried out on a group of 15 female university students aged 19-20, in the second 
semester of the academic year 2018-2019, lasted 14 weeks, with a frequency of 1 lesson per week. The 
applied tests were dynamic balance, body coordination, hands coordination, basketball spot shooting, 
wall passes. Measurements were performed before intervention as a baseline and after it to record 
the effect size. The manipulated variable was a physical exercises program designed in purpose to 
produce an effect on the dependent variable: coordination skills improvement. The significant mean 
difference and the effect size was statistically demonstrated with student t-test p <0.005.

Results From the statistical data obtained, we found that the results of ‘before and after’ tests differ 
significantly. For all the parameters under discussion the effect magnitude was large and mostly very 
large, also the research hypothesis was accepted.

Conclusions Applying the designed program has led to a substantial improvement of coordinating skills and has 
positively influenced the effectiveness of the basketball technique learning process. 

Keywords: coordination skills, basketball, female students, test battery. 

Introduction1

Coordination is a complex, multidisciplinary 
concept and therefore its definition varies depending 
on the field of movement science approached. 
Furthermore, there are different points of view 
within the same discipline. In biomechanics, for 
example coordination is viewed as a synergic action 
of elements aiming to achieve a common task, or an 
interrelation of different elements not necessarily 
acting toward a common goal [1].

Coordinated movements represent a distinct 
category of instrumental movements, which give 
the subject the opportunity to economize effort, 
motor action, in predictable (stereotypical) and 
unpredictable situations [2]. Coordination skills 
underpin all motor skills, with a particular role in 
all kinds of situations that require athletes’ rational 
and quick action [3].

In Physical Education, coordination skills 
are an important basis for correct learning and 
practice of high-level motor skills and leads to the 
fast adjustment of the subject in different work 
conditions specific to different sports, basketball in 
our case [4].

The term ‘coordination skills’ has been 
established in the 1980s [5-9] but for a long period 
of time, this concept has been used alongside 

© Cristina I. Nae, Cristiana L. Pop, 2022 
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the terms: dexterity or a complex different skill 
combination.

Dexterity is defined as a complex form of 
expressing performance capacity [10] through 
the quick learning of new movements and fast 
adjustment to various situations, according to the 
specifics of each sport.

Because dexterity is a complex motor skill in its 
structure Colibaba & Bota [11] included:
•	 The precision of motor movements or mastery/

controlled movement;
•	 Fine mental guidance of the muscular chains: 

agonist, antagonist, synergist and fixator 
muscle;

•	 Kinesthetic sense;
•	 Ball movement and awareness;
•	 Ability to approximate distances;
•	 Ability to mobilize mentally;
•	 Mental factors capable to influence the 

sportsman’s motor behavior positively or 
negatively.

Coordination is defined as a complex capacity 
correlated with speed, strength, endurance, and 
mobility. From a physiological point of view, 
coordination is determined by genetic and 
environmental factors [12]. Coordination abilities 
depend highly on the efficient functioning of the 
central nervous system.

The level of coordination represents the ability 
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to execute movements having different degrees of 
difficulty, quickness, with great accuracy and high 
efficiency in accordance with the specific objectives 
of the training [13]. Of all the motor abilities, 
muscle strength affects execution speed, endurance 
and coordination skills [14, 15]. Concluding these 
definitions, we understand that coordination skills 
features are complexity, synergic action, and in 
the case of sporting games exceling under stress in 
challenging conditions. 

Basketball has evolved significantly in terms of 
technique, tactics, requiring speed of play, and a 
high level of skilfulness. This evolution is due to the 
need of players to better solve the game concrete 
situations, in permanent dispute with the opponent 
[16] but also with the desire to overcome their 
physical limits. 

In basketball, all basic factors of movement 
are part of the coordination skills in variable 
proportions – speed, force, resistance, eye – hand 
coordination, joint mobility, good sense of direction 
and other motor abilities [17]. The complex process 
of fast adaptation of the whole body to the game 
requirements have on its basis constant feedback 
between motor abilities, control, and level of fatigue.

In universities physical education classes, 
coordination skills can be exercised by using free 
or object-based exercises; practiced individually, in 
pairs or in teams. The exercises may be organized by 
means of relays, with ever-changing conditions and 
various difficulty levels. 

The methodical steps needed to improve 
basketball-specific coordination skills and taken in 
physical education lessons may be:
•	 Ensuring the precision of technical procedures, 

as well as spatial orientation without regard 
to time; one evaluates the correctness of the 
movements done simultaneously with different 
parts of the body in order to perform the action;

•	 The correct and precise execution of all 
movements in order to perform technical 
procedures given in a short period of time;

•	 Performing movements in various and 
unusual situations, without mistake and while 
maintaining top speed. The entire process 
implies developing technical methods from a 
coordination point of view.

This study aimed at examining the effectiveness 
of a 14-week intervention in improving coordination 
skills among female university students. The 
intervention consisted in physical education 
lessons with basketball exercises, the final practical 
outcome being to practice a coherent and satisfying 
game for the players.

Materials and Methods
Participants

The research was carried out on a group of 15 
female university students in first year in a faculty 
with economic profile, aged 19±0.28. The study 
began in the second semester of the academic year 
2018-2019, lasted 14 weeks, with a frequency of 1 
lesson per week. The inclusion criteria for eligible 
participation in the study group was that students 
have played basketball during their high school 
years. 

Research design
The research design we considered relevant 

for our study was a pre-experimental one, with 
one group under intervention conditions [18]. 
Measurements were performed before intervention 
as a baseline and after it to record the effect size. The 
measurements were undertaken in the Bucharest 
University of Economic Studies’ sport hall.

The manipulated variable was a physical 
exercises program designed in purpose to produce 
an effect on the dependent variable: coordination 
skills improvement. During the 14 lessons, the 
routine compiled:

Warming-up exercises:
•	 Walking or running exercises, alternated with 

power skips and bounding done in a certain 
rhythm

•	 Various running exercises, alternated with 
successive or isolated twirling

•	 From standing position: moving forward – 
backward with different arm movement for each 
step

•	 From standing position: raise on tiptoes, down 
on heels performed with different arm positions 
and movements

•	 Bending the torso in front and putting arms 
sideways

•	 From standing position, holding hands behind, 
tiptoe with eyes closed

•	 From standing position: left/right lunge while 
bringing left/right arm on the left/right shoulder 
behind the head, left/right arm sideways

•	 From standing position, arms up: four steps 
forward while rotating arms front-back at each 
step, four steps back with reverse rotation of 
arms

•	 Running over various obstacles with different 
heights, while maintaining the rhythm between 
two obstacles

•	 Rolling two balls, jumping from circle to circle, 
cone running drills – with cones placed at 
different positions and distances, with various 
combinations.

Lesson focus:
•	 From dribbling with left/right hand, the student 

throws the ball up in the air performs a 180° 
jump and then catches the ball before it hits the 
ground at the signal
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•	 From pike position with the ball above ankles: 
the student throws the ball up with the feet and 
catches it in her hands;

•	 From slow running, dribble with left/right hand, 
guiding the ball around the body, then between 
the feet;

•	 Using two balls: throwing and catching the balls 
alternatively up or at the wall, as soon as the 
execution becomes better, balls can be thrown 
at the same time;

•	 Guiding the ball with the foot, while rotating 
the arms at the same time;

•	 With the back against the wall, holding a ball in 
the hands, throwing the ball at the wall from the 
hip area (or other ways of throwing), then face 
the wall and catch the ball;

•	 Exercises with multiple balls (passes and 
throwing at the hoop);

•	 Ambidextrous dribbling, passes and throws;
•	 Dribbling with two balls;
•	 Passes with both hands in front of the chest, 

both hands above the head, above the earth, 
with a hand on the shoulder, with a hand behind 
the back, shooting from the spot, then running 
and shooting while running;

•	 Perfecting dribbling during contra attack and 
during individual breaking-in and overrun – 
both ambidextrous;

•	 Complex exercises done on half the field and all 
over the field in order to perfect spot throwing 
at the hoop and while jumping;

•	 Catching the ball – stopping – dribbling – spot 
throwing at the hoop;

•	 Catching the ball – stopping – feint to throw – 
feint to overrun – dribbling – throw at the hoop;

•	 Catching the ball – stopping – feint – overrun 
with dribbling under the backboard – throwing 
with a hand;

•	 Going after the ball – catching – stopping – feint 
to throw – dribbling – stopping – feint to throw 
– throw at the hoop – rebound;

•	 Perfecting defending man to man, aggressive 
version and intercepting;

•	 Matches at the school level 5 against 5 on half 
the field and entire field.

Closing exercises
•	 Stretching exercises for flexibility improvement.

The research instruments were a battery of test 
conducted at the beginning (T1) and at the end of 
the study (T2), besides the 14 lessons and had the 
following tasks:
1.	 Dynamic balance – on a reversed gymnastic 

bench, the student walks over the distance with 
two 180° twirls at the middle of the bench and 
continuing the walk. Any imbalance is marked 
down a point. Falling leads to repeating the 
task. The tasks are executed twice, scores are 
given and the best attempt is picked.

2.	 Body coordination – a grid is drawn on the field’s 
surface, the students perform 3 connected 
jumps – these should be as long as possible.

3.	 Hand coordination – a 25/25 cm square is drawn 
on a wall at a 1.5 m height. From a 2 m distance 
the student throws five balls with the right hand 
and five balls with the left hand. For each target 
hit, the student receives a point.

4.	 Basketball spot shooting – from under the 
backboard with the skilful hand, 10 throws. The 
score of successful throws were considered.

5.	 Dribble and throw from the dominant hand side 
– they are given points from 1 to 10 for technical 
correctness, correct step sequence and scoring.

6.	 Wall passes drill – on the left-side wall 4 squares 
are drawn at a 1.5 m distance from the floor and 
on the right-side wall, 3 squares are drawn at 
an equal distance. The female student dribbles 
from the end of the hall towards the left-side 
wall, performs passes at the wall from a 3 m 
distance, then dribbles towards the right-side 
wall and performs a wall pass and repeats at all 
the 7 points. The task is timed.

Statistical Analysis
During our research, the data obtained through 

measurement and tests has been statistically 
processed and charted aiming the hypothesis 
validation through mean difference between pre 
and post-tests and determine the effect size using 
t-Test Dependent Student calculated for a statistical 
significance of p<0.05 level. The effect size was 
compared with Cohen scale. In data analysis SPSS 
software was used.

Results
The results obtained before (I) and after (F) 

intervention at all 6 tasks were tabulated in Table 1.
The statistical processing data obtained can 

be seen in table 2. The most relevant results are 
presented. Among them are the progress percentage, 
the effect size and the t-Test results compared with 
the critical t value (2.14)

Discussion
The most recommended period for developing 

coordination skills is in childhood between 5 and 6 
years of age and then in preadolescence between 10 
and 13. However the highest values of coordination 
skills can be reached between 17 and 20 years of 
age. Following this idea, a number of studies have 
obtained good results in developing coordination 
abilities in samples of university students [19, 20]. 
It demonstrates that development of coordination 
abilities is an overgoing process.

After analyzing and interpreting the data 
presented in Table 2, we observe an important 
improvement in all final tests. The highest 
improvement percentage was observed in the Spot 
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Table 1. The results obtained

No.
Dynamic 
balance

Body 
coordination

Hand 
coordination

Basketball 
spot shooting 
(%)

Dribble
and throw

Wall passes 
(sec.)

Right Left

I F I F I F I F I F I F I F

1 7 8 4.20 4.82 4 5 2 3 20 20 8 9 21 19

2 8 9 4.10 4.26 3 4 3 3 30 40 6 7 23 20

3 6 7 4.55 4.83 3 4 4 5 40 50 5 7 20 16

4 8 10 5.57 5.67 3 4 3 3 20 40 6 7 22 21

5 7 8 4.00 4.07 4 4 3 4 30 50 5 6 21 19

6 7 8 5.10 5.69 4 5 4 5 50 70 5 6 23 20

7 7 8 4.10 4.60 4 5 4 5 50 60 6 7 22 21

8 8 9 5.02 5.52 4 5 3 4 40 50 6 6 20 17

9 7 7 3.80 4.02 1 1 1 2 20 30 5 7 22 22

10 9 10 4.00 4.18 3 3 0 0 20 30 6 7 24 23

11 7 8 4.12 4.54 3 4 2 3 20 20 5 7 23 22

12 6 7 4.90 5.04 3 4 4 4 30 30 6 7 20 18

13 9 10 4.57 4.72 4 5 3 4 30 40 6 8 20 19

14 8 8 5.00 5.20 3 3 4 4 30 40 6 8 17 16

15 8 10 3.80 4.88 3 4 4 5 60 70 6 6 19 17

Table 2. Statistical processing data 

Statistical 
indicators

Dynamic 
balance

Body 
coordination

Hand coordination Basketball 
spot shooting 
(%)

Dribble and 
throw

Wall passes 
(sec.)

Right Left

I F I F I F I F I F I F I F

Upper limit 9 10 5.57 5.69 4 5 4 5 60 70 8 9 17 16

Lower limit 6 7 3.80 4.02 1 1 0 0 20 20 5 6 24 23

Amplitude 3.00 3.00 1.77 1.67 3.00 4.00 4.00 5.00 40 50 3 3 7 7

Mean 7.47 8.47 4.46 4.80 3.27 4.00 2.93 3.6 32.67 42.67 5.80 7.00 21.13 19.33

Standard 
deviation 0.92 1.13 0.55 0.55 0.8 1.07 1.22 1.35 0.72 0.94 0.7 0.85 2.43 2.23

Coefficient 
of variation 
(%)

12.26 13.29 12.29 11.44 24.45 26.73 41.69 37.56 12.42 16.23 10.0 12.07 12.58 11.51

Mean 
difference 

Progress 
(%)

1.00

13.39

0.34

7.8

0.73

22.45

4.13

22.73

10.00

30.61

1.2

20.69

1.8

9.31

Effect size 1.87 1.27 1.6 1.37 3.31 1.7 0.74

Test 
Student

(critical t 
=2.14)

p<0.05

7.25 4.92 6.20 5.29 12.78 3.18 4.77
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shooting test: 30.61%. 
In the Dynamic balance test the average raise 

was 13.39%, while in the Body coordination test 
(3 connected jumps) we observe a 7.8% average 
raise. In both Hand coordination tests (right and 
left) the improvements were almost equal: 22.45% 
for the right hand and 22.73% for the left hand. In 
the Dribble and throwing test where students were 
given marks from 1 to 10, we can observe a 20.69% 
average raise at the final test. Also, in Wall passes 
drill the mean progress was of 1.8 s, representing a 
9.31% better results.

The t-test value is higher than critical t’s value 
for all the 6 battery tests’ as it can be seen in table 
3. Consequently, the null hypothesis is rejected and 
the hypothesis of this study is validated.

The effect size calculated is between 0.74 in wall 
passes drill test and 3.31 in spot shooting test. These 
values were compared with Cohen effect size index 
where d=0.2 is considered to be small; 0.5 medium; 
0.8 large and 1.3 very large [21]. Effect size calculated 
in 5 of 6 tests are verry large and in one case (wall 
passes) the effect size is verry close to the large 
level. The largest size effect was obtained in Spot 
shooting test, ability which is decisive in achieving 
a satisfactory basketball play and scoring possibility.

Our experience in physical education lessons has 
confirmed that fatigue may occur in lessons with 
excessive focus on intense training. Therefore, it 
is recommended to give quite long breaks between 
series – especially in the second part of the lesson 
[22], otherwise the students’ ability to develop 
transferable athletic skills may be impeded. 

The deciding factor in formation, development 
and master of coordination skills is the method 
of repeating through continuous and progressive 
diversification of motor actions in compliance with 
the characteristics and means that are specific to the 
targeted level. In basketball case, we recommend 
teaching the overall technical procedures, as well 
as using several well-known exercises to make the 
process of developing coordination skills more 
accessible. 

Our study findings are consistent with recent 
pedagogical experiments on female university 
students attaining physical education classes. In two 
cases the intervention consisted in choreography 
[23] and dance [19] exercises and there were effective 
in developing the coordination skills. Another study 
on the same age range and gender [20] demonstrated 
that the coordination skills are more likely to be 
improved compared to speed as a skill related 
fitness component. Furthermore, in basketball as a 
team sport, a high level of coordination abilities is a 
prerequisite for improvement of the technique and 
tactic of the game. 

Conclusions 
Using the means specially designed to develop 

coordination skills has led to very good results, 
which have positively influenced the learning 
process of playing basketball. Coordination is 
the function that constrains the potentially free 
variables into a behavioral unit, while skill is 
the optimal manifestation of this function. The 
coordination skills developed can be transferred in 
everyday life and lead to a substantial improvement 
of overall life quality.

Following the results in all 6 tests, we observed a 
significant statistical improvement at the final test, 
which proves that the study’s hypothesis has been 
validated. Also, the effect size in 5 of 6 tests was very 
large and in the 6-th test, the result is near the large 
threshold.

From the teaching experience gathered 
throughout the study, we have concluded:
•	 Learning and perfecting technical procedures 

is conditioned by the level of the coordination 
skills displayed;

•	 High level of coordination skills allow the 
performance of motor actions in various 
situations;

•	 High level of coordination skills allow superior 
valorization of other motor skills.

The instructive-educative process features are 
a low volume of effort, with exercises placed in the 

Table 3. Research hypothesis

Item 
No. Test Initial Final Observation Effect Study 

hypothesis
1 Dynamic balance 7.47 8.47 13.39% raise V. Large Accepted
2 Body coordination 4.46 4.80 7.8% raise V. Large Accepted
3 Right hand coordination 3.27 4.00 22.45% raise V. Large Accepted
4 Left hand coordination 6.66 6.92 22.73% raise V. Large Accepted
5 Basketball spot shooting 32.67 42.67 30.61% raise V. Large Accepted

6 Throwing the ball while 
dribbling 5.80 7.00 20.69% raise V. Large Accepted

7 Wall passes 21.13 19.33 9.31% raise Large Accepted
*p<0.05
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beginning of the lesson to assure a good mobility in 
the nervous system. 

Limitations 
We understand that the modest number of 

cases in this study may be an issue, but despite 

this limitation the result encourages us to believe 
there are chances to improve coordination skills in 
physical education of university students.
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