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ABSTRACT

THE EFFECTS OF COVID-19 INDUCED MOBILITY RESTRICTIONS ON
PHYSICAL FITNESS IN YOUNG SOCCER PLAYERS AT DIFFERENT
MATURITY AND TRAINING STATUS

UNLU, Giircan
Ph.D., The Department of Physical Education and Sports
Supervisor: Assoc. Prof. Dr. Mustafa SOGUT

March 2022, 99 pages

The purpose of this study was to examine the 27-week COVID-19 induced mobility
restrictions on physical fitness in young soccer players at different maturity and
training status. The 52 participants were categorized into highly trained (HT, n=27)
and recreationally trained (RT, n=25) players. HT consists of sixteen pre-PHV and
eleven mid-PHV, RT consists of fifteen pre-PHV and ten mid-PHV players. After
measuring anthropometrics, the following selected physical fitness tests were
performed: handgrip strength (HG), dynamic balance, standing long jump (SLJ),
squat jump (SJ), drop jump (DJ)-reactive strength index (RSI), countermovement
jump (CMJ), acceleration (10m), speed (20m), and agility (with and without ball:
ZAWB and ZAWHB). The three-way-repeated measures design [2(time: pre, post)
X 2(training status: highly, recreationally trained) x 2(maturity status: pre-, mid-
PHV)] was utilized to test changes in physical fitness. The results indicate that no
significant 3-way interaction (time*maturity*training status), however; significant
time*maturity interactions for DJ, SJ, and ZAWB and ZAWHB, and time*training

status interactions for 20m and dynamic balance with a tendency for significance
0\



for CMJ and HG. Impairments for DJ, SJ, ZAWB, and ZAWHB were greater in
mid-PHV players than in pre-PHV players, and impairments for RSI, 20m, SLJ, and
N-Y balance were also significantly greater in HT than in RT. COVID -19 induced
mobility restriction impaired physical fitness of young soccer players. Depending
on the components of physical fitness, the negative effects may be more pronounced
in mid-PHV players than in pre-PHV level players and more pronounced in highly
trained players than in recreationally trained players.

Keywords: Detraining, Physical Activity, Adolescent, Peak Height Velocity, Children



0z

KOVID-19 HAREKET KISITLAMALARININ FARKLI OLGUNLUK VE
ANTRENMAN DUZEYLERINDEKI GENC FUTBOLCULARIN FiZIKSEL
UYGUNLUKLARINA ETKISi

UNLU, Giircan
Doktora, Beden Egitimi ve Spor Boliimii
Tez Yéneticisi: Dog. Dr. Mustafa SOGUT

Mart 2022, 99 sayfa

Bu calismanin amaci COVID-19 hareket kisitlamalarinin farkli olgunluk ve
antrenman diizeylerindeki gen¢ futbolcularin fiziksel uygunluklarina etkisini
incelemektir. Calismanin 6rneklem grubunu olusturan 27 yiiksek diizeyde ve 25
rekreatif diizeyde antrenmanli toplam 52 katilimcinin zirve boy uzama hizi
donemleri (PHV) tahmin edilerek olgunluk siniflandirmalart yapilmis, buna gore
31’inin PHV o6ncesi doneminde (pre-PHV) ve 21’inin PHV déneminde (mid-PHV)
oldugu goriilmiistiir. Fiziksel uygunluk testleri 6nce antropometrik Olc¢limler,
sonrasinda sirasiyla; kavrama Kkuvveti, Y-denge, durarak uzun atlama, dikey
sigramalar (skuat sigrama, drop sigrama-reaktif kuvvet indeksi ve aktif sigrama),
hizlanma (10m), hiz (20m), zikzak ceviklik(toplu-topsuz) ile gerceklestirilmistir.
Fiziksel uygunluk parametrelerindeki degisimlerin karsilagtirilmasi i¢in li¢ yonlii
tekrarlanan Olglim tasarimi [2 (zaman: Ontest-sontest) x 2 (antrenman diizeyi:
yiiksek-rekreatif) x 2 (olgunluk durumu: pre-PHV-mid-PHV)] kurulmus, anlamli
etkilesimlerdeki farklar etki biiyiikliiklerine gore degerlendirilmistir. Calisma

sonuglaria gore; li¢ yonlii etkilesimler tiim parametreler i¢cin anlamsizken; anlamli
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zaman*olgunluk etkilesimlerinin raporlandigi drop sigrama(d=0.10), skuat
sigrama(d=0.18), toplu ve topsuz zikzak ¢eviklik(d=0.21, d=0.16)
performanslarinda azalmalarin mid-PHV grupta daha fazla oldugu ve yine anlamli
zaman*antrenman durumu etkilesimlerinin bulundugu reaktif kuvvet indeksi
(d=0.11), durarak uzun atlama (d=0.08), 20m siirat (d=0.12) ve N-Y denge (d=0.09)
performanslarinda yiiksek antrenmanli oyunculardaki performans kayiplarinin daha
fazla oldugu goriilmiistiir. Caligmanin sonuclar1 fiziksel uygunlugun tim
bilesenleriyle COVID-19 kisitlamalarindan etkilendigini, patlayici gili¢ gerektiren
performanslardaki kayiplarin yiiksek diizeyde antrenmanli futbolcularda, siirat ve
dinamik denge performans kayiplarinin ise adoélesan futbolcularda daha fazla

olabilecegini gostermektedir.

Anahtar Kelimeler: Antrenmansizlik, Fiziksel Aktivite, Adolesan, Zirve Boy Hizi,
Cocuklar
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CHAPTER 1

INTRODUCTION

1.1. Background of the Study

Coronavirus disease (COVID -19), officially declared as a pandemic by the World
Health Organization, has caused great social and economic damage around the
world, and with no drug or vaccine to completely eradicate the disease, countries
continue to fight it with various measures. As of December 2021, this pandemic has
infected more than three hundred million people and caused approximately five
million  virus-related deaths worldwide(WHO Coronavirus (COVID-19)
Dashboard, n.d.). In response to this unique situation that arose, governments
worldwide, including that of Turkey, have taken public health measures to contain
the spread of this virus, including home quarantine, social distancing (to limit
proximity to other people), enforced closures, limitations on the places where people
congregate (e.g., schools, shops, weddings, funerals, celebrations recreational
facilities), and restriction of interstate and international travels (Tayech et al., 2020).
Furthermore, people who may have been exposed to COVID-19 are quarantined.
Quarantine is the separation and restriction of movement of people who may have
been exposed to a contagious disease to determine if they are unwell and thus reduce
the risk of infecting others. It is distinct from isolation, which involves separating
people who have been diagnosed with a contagious disease from people who are not
ill. However; the two terms are often used interchangeably, especially in
communication with the public (Brooks et al., 2020). These quarantine and social
distancing measures are intended to protect people from the virus. They have been
shown to play a critical role in protecting people who are at higher risk for severe
ilinesses caused by COVID -19 (Zhou et al., 2020). As more governments impose

nationwide quarantines or consider various forms of lockdown to prevent the spread



of novel coronavirus, a major human health problem has emerged - diseases caused

by lack of movement.

Physical inactivity, already a growing public health problem in the last 50 years
before the pandemic, is even more difficult to combat under pandemic conditions.
Efforts, especially in developed countries, to increase people's levels of physical
activity have now been replaced by the fight against the COVID -19 virus. In fact,
the restrictions imposed by this war confined people to their homes, and the
sedentary lifestyle began to take on a life of its own more than ever. Especially in
the early stages of the pandemic, with a virus whose dangerousness cannot be
accurately predicted, physical inactivity completely ceased to be a priority in this
state of panic. Studies from different countries showing the decline in physical
activity due to pandemics confirm the seriousness of this situation (Andreato et al.,
2020; Castaiieda-Babarro et al., 2020; Kaur et al., 2020; Lesser & Nienhuis, 2020;
Maugeri et al., 2020; Musselwhite et al., 2021; Pinto et al., 2020; J. F. Sallis et al.,
2020; Tison et al., 2020; Tornaghi et al., 2020). In addition to the negative long-
term health effects of this reduction in physical activity levels, it can also be
detrimental in the fight against COVID -19. This is because in the case of infection
with coronavirus, the immune system, which is crucial for the healing process, is
also weakened by physical inactivity (cite). Given this sensitivity, one may wonder
how effective the mobility restrictions that lead to physical inactivity are in the fight
against COVID -19. In addition to the health concerns associated with physical
inactivity, the current situation also negatively affects athletes’ training,
consequently they faced performance derogation. Several sporting events have been
canceled and/or postponed and hundreds of thousands of amateur and professional
athletes around the world have abruptly been forced to train at home. As a result,
athletes faced unprecedented and relatively long-term reductions or cessations in
their training routines, as well as significant reductions in their daily physical
activities. Such changes can lead to a significant decrease in the quantity and a
decrease in the quality of training stimuli, exposing athletes to some potential level
of detraining(Girardi et al., 2020). Athletes who can only find training opportunities
at home in the pandemic COVID -19 can maintain their performance to some degree
with this type of activity (de Oliveira Neto et al., 2020; Tayech et al., 2020).
2



However, especially in the early stages of the pandemic, the psychological and
environmental conditions were not conducive to even these home exercises.
Therefore, most athletes were exposed to complete detraining by remaining
physically inactive during this period. In light of the literature reviewed above, it
can be claimed that this pandemic resulted in two important problems; detraining-
induced impairments in physical performance, and physical inactivity-induced

health concerns.

1.2. Purpose of the Study

The detrimental effects of COVID -19 induced mobility restrictions on physical
activity levels are confirmed by several studies in different countries such as Spain,
Canada, Italy, Australia, Germany, Iran and Latin America (Akbari et al., 2021,
Giustino et al., 2020; Lesser & Nienhuis, 2020; Ruiz-Roso et al., 2020; Schmidt et
al., 2020; Stockwell et al., 2021). Based on the fact that these movement restrictions
leading to physical inactivity are also implemented in Turkey, it would not be wrong
to predict that the decline in physical activity in Turkey is at a similar level as in
these countries. To support this prediction and independently of the main research
questions of the study, a physical activity questionnaire was conducted to determine
the changes of physical activity levels of the participants during the COVID -19
lockdown. This intervention was also intended to control for "detraining level,"
which is the level of physical activity during detraining that plays a moderator role
in the training- and detraining-induced physiological adaptations. In keeping with
the main research questions, the primary objective of the study is to investigate the
effects of COVID -19 induced mobility restrictions leading to physical inactivity on
physical fitness in young soccer players. This was the point of departure for the
present study, which aimed to demonstrate the changes in physical fitness, an
indicator of overall health and one of the most important determinants of sports
performance in young soccer players who remained inactive due to COVID -19
induced mobility restrictions. Lastly, it was aimed to examine the whether there are
effects of maturity and training status on these COVID-19 induced physical fitness

adaptations.



1.3. Significance of the Study

To date, numerous studies have shown that physical activity, exercise, and sport are
key elements for a healthy lifestyle at all ages (Mannino et al., 2019a). In the face
of these facts, the COVID-19 pandemic has negatively affected these health and
athletic performance-related activities worldwide through widespread mobility
restrictions (Kaur et al., 2020). People whose access to physical activities was
restricted have been condemned to a sedentary lifestyle, and athletes have not been
adequately trained. Because physical fitness that constitute the dependent variables
of this study can also be regarded as an indicator of physical health (Knapik et al.,
2019; Ortega et al., 2008), the study's findings indirectly analyze the effects of
COVID-19-related physical inactivity on health and thus are very important.

It has been recently observed that physical inactivity may also be linked to more
severe Covid-19 infections and a higher risk of death due to the virus (R. Sallis et
al., 2021). As the population of this study consists of physically inactive individuals,
it is thought that physical fitness changes that may provide insights into overall
health will contribute to the relevant literature. However, the study does not offer an
examination of the outcomes of COVID-19. It was also stated that handgrip
strength, measured in the study as a physical fitness test, may also be considered as
an indicator for the immune system in addition to overall health (L. Smith et al.,
2019). Within this context, it is thought that the findings of this study can serve as
guidance for future studies that will analyze the risk factors for severe COVID-19

outcomes.

In addition to the sudden changes in physical activity and exercise routines, sporting
events were also affected in different ways. In the first period of the epidemic, when
all possibilities for exercising were limited and the outcomes of this epidemic could
not be predicted even by experts, it was also psychologically not favorable to do
sports at home. The cessation of all sports activities was not only a health problem,
but also led to performance losses due to the "detraining syndrome™ in elite athletes.
Considering that even short periods of detraining can lead to significant performance
losses (Arnason et al., 2004; Edwards et al., 2003; Franchini et al., 2005), it is not

4



difficult to predict that long-term restrictions can lead to meaningful performance
losses. In this context, it is believed that study results obtained with measures of
physical fitness, including various performance tests, can make an important

contribution to studies addressing detraining-induced performance losses.

Another contribution to the literature on “detraining syndrome” is that the study
analyzes the physical fitness changes by considering potential moderators such as
gender, age, maturation status, training status. While numerous studies have
revealed different mechanisms for these factors, they have generally not been
examined together, precluding an investigation of the possible interaction of these
elements. Therefore, there are insufficient data for assessing the influence of such
modifiers. Despite the fact that detraining-induced performance losses may differ
depending on various factors (Bosquet et al., 2013), the relevant studies were
conducted without considering one or multiple of these factors. In addition to age-
related differences, the maturation, which is another critical determinant, affects
both performance improvement in training and performance losses that occur due to
interruptions in training (Goswami et al., 2014). It is thought that classifications will
be made based on maturation status, which will lead to more comprehensive
findings. It is also considered that, in addition to maturation, previous training status
is also one of the moderators that affect performance (Bosquet et al., 2013). To the
best of our knowledge, no study analyzes physical fitness changes by considering
both training status and maturation status. The current research purposed to bridge
this gap by investigating the effects of maturation and training status on detraining
induced physical fitness adaptations. And to the best of the researcher's knowledge,
no study has been conducted on the physical fitness responses to detraining in
children by considering the moderators that may have meaningful effects on

physical fitness.

1.4. Definition of Terms

This section contained operationally defined terms in the current dissertation. These

terms were arranged alphabetically and conceptual terms were defined lexically.



COVID-19 induced mobility restrictions: These restrictions include both incentives
that encourage working from home, facilitated by the expansion of online resources
that allow meetings, classes, and shopping, and sanctions such as orders to stay
home, travel restrictions, and the closure of stores, offices, and public transportation.

Detraining: This is the situation in which athletes take a break from training for
various reasons. Although these reasons are usually due to sports injuries in elite
athletes, there may also be reasons for a break in training, such as loss of motivation
or a post-season breakout.

Detraining level: The state in which the body shows different physiological
responses during detraining, depending on how active it is. The situation when the
body spends the period of detraining with complete inactivity (e.g., bedridden
diseases) and physical activity (various exercises, jogging, or high physical activity)
and creates different physiological adaptations (partial detraining - complete

detraining).

Physical fitness: A set of attributes that people have or achieve that relate to their
ability to engage in physical activity (Caspersen et al., 1985). Some of these
attributes may describe health-related physical fitness, while others may describe
more skill-related physical fitness. In this study, the combination of all health-
related components except cardiorespiratory endurance and some skill-related
components (considering the performance requirements of soccer) is understood as

"physical fitness".

Training status: Athletes in a sport differ from each other depending on their
previous training background. These differences often determine their level (e.g.,
elite-subelite-amateur) and also identify their training status (competitive,

recreational, or inactive levels).



CHAPTER 2

LITERATURE REVIEW

On the basis of the effects of COVID -19 induced Mobility restrictions, which is the
independent variable of the study, on physical fitness is the effect of "physical
inactivity” and "detraining” states. In this context, the first part of this chapter
presented the content of COVID -19 induced Mobility restrictions and its role in
detraining and physical activity. Reviewing this literature, it is clear that the concept
of physical activity is related to general health and the concept of detraining is
mostly related to sports performance impairments. At this point, the second part of
the study was created with the physical fitness literature, which is an indicator of
overall health and includes sport-specific performance components. The factors of
"maturation™ and "training condition", which are moderators in the study content
and may influence detraining-induced impairments in physical fitness, are presented
in the last section of this chapter. Figure 1 illustrates the states of detraining and
physical inactivity of these restrictions and shows that physical fitness adaptations
can change depending on maturity and training status.



Covid-19-Induced Mobility Restrictions

— | Detraining

Physical Inactivity

Age

Gender

. Maturation
Nutritional Habits
Heredity

Training status

r ! '
Physical Health Mental Health Athlet.ic Performancg
cardiorespiratory fitness Anxiety, stress etc. Aerob.m. and anaerobic
body composition capa_cmes .
muscular strength Cognitive functions Pr!ysmal and Technical
endurance Memory, concentration skills
balance atc.
flexibility

> PHYSICAL FITNESS -

Figure 1. The Health- and Performance-Related Consequenses of COVID-19-
Induced Mobility Restrictions

2.1. COVID-19 Induced Mobility Restrictions

Since the effective drugs or vaccines had not been developed, authorities worldwide
had adopted different strategies in an attempt to curb the spread of the COVID -19
virus, such as lockdowns, home confinement, and other restrictive measures,
meaning a large number of people are required to remain at home. While it is
recognized by all authorities that these measures are effective in preventing the
spread of the virus, it is also recognized that many of them are measures that open
the door to physical inactivity associated with health problems. Mobility restrictions
caused by COVID-19 affected not only the level of physical activity levels, but also

the training routines of athletes. Athletes who increased their physical performance

8



through systematic training were forced to abandon their training due to canceled
sporting events and mobility restrictions. Considering that induced physiological
adaptations are formed as a result of prolonged training, maintaining the achieved
level or further improvement requires intensive training stimuli (Nugroho & Or,
2005). In the absence of sufficient training stimuli, the athlete is exposed to
functional and even psychological disorders, and “detraining syndrome” which is

reduction in the state of training.

2.1.1. Physical Inactivity

Physical inactivity is a term used to describe people who do not regularly perform
physical activity at recommended levels (Damian et al., 2018). Insufficient levels of
physical activity (150 minutes of moderate PA per week) in daily life cause major
health problems and it is a widely held view that physical inactivity is one of the
most significant public health problems of the 21st century (Blair, 2009). Before the
current pandemic, there was a growing global effort to address this problem and take
the lead in combating the pandemic of physical inactivity. Physical inactivity,
already considered a growing public health problem in the pre-pandemic era, is even
more difficult to combat under pandemic conditions. Efforts, especially in
developed countries, to increase people's levels of physical activity have now been
replaced by the fight against the COVID -19 virus. In fact, the restrictions brought
about by this war confined people to their homes, and the sedentary lifestyle began
to take on a life of its own more than ever before. Especially in the early stages of
the pandemic, with a virus whose dangerousness cannot be accurately predicted,
physical inactivity completely ceased to be a priority in this state of panic. And the
current situation has exacerbated this problem more burdensome, especially for
children who spend their leisure time indoors, use electronic entertainment media,
and spend more time sitting and less time being physically active than they did a
decade ago (Fedewa & Ahn, 2011). Theoretically, the prioritization of public health
interventions is determined primarily by three factors: the prevalence and trends of
a health disorder, the magnitude of risk associated with exposure to that disorder,
and the evidence for effective prevention and control. On the other hand, an

important health problem has emerged - physical inactivity. Moreover, physical
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activity is more important for children at a critical stage of physical, mental, and
cognitive development, making the health risks associated with physical inactivity
in children even more dramatic. Before this pandemic, there was a substantial body
of literature quantifying and qualifying the role of physical inactivity as a risk factor

and global interest and efforts to increase physical activity levels in children.

Medical authorities and other health administrators have suggested that residential
mobility restriction, including limiting recreational activities and prohibiting sports,
IS necessary to prevent the spread of the virus (Oh et al., 2021). The rationale of this
public health measure is that restricting normal activities reduces the number,
duration, and closeness of interpersonal contacts and thus the potential for virus
transmission. While these measures curb the spread of the disease, it is certain that
they open the door to physical inactivity causing serious health problems. Physical
inactivity was a growing health problem even before COVID -19. Many different
institutions and organizations made serious efforts to prevent this problem.
However, the current pandemic has put additional obstacles in the way of these
efforts, and the decline in physical activity has taken on even more dramatic
proportions. Even school-based physical education programs which is ideal for
providing students with safe and sequential activities that maintain and improve

physical fitness is limited (Faigenbaum et al., 2013).

The decreases in physical activity and the increase in sedentary behavior have been
documented by several countries, including Spain, Canada, Italy, Australia,
Germany, and Latin America (Giustino et al., 2020; Lesser & Nienhuis, 2020; Ng
et al., 2020; Ruiz-Roso et al., 2020; Schmidt et al., 2020; Stockwell et al., 2021).
Given similar public health measures such as the closure of recreational facilities,
the closure of city parks and playgrounds, and the cancellation of all sports
following the introduction of COVID -19 in Turkey, it would be expected that the
physical activity behavior of the Turkish population would change. And it is
inevitable that this change, which takes place in a negative sense, can cause health
problems and lead to detraining syndrome, which can also lead to irreparable
performance losses in athletes and leave permanent psychological and physiological

effects (Musselwhite et al., 2021). Given this alarming scenario, people should

10



protect from these health risks caused by lack of exercise, and athletes should at
least be avoided detraining-induced performance loss by doing exercises at home.
In that sense, A. Hammami et al., (2020) have provided valuable guidelines for
children and adolescents for optimal health outcomes. In their study, the exercise
volumes and intensities of home-based bodyweight exercises performed such as
squats, push-ups, walking lunges, planks, jumping jacks, and sit-ups vary
significantly depending on the physical level of the children. On the other hand, it
should be questioned that these proposals can partially act as a preventative and that
the conditions are unfavorable in terms of applicability. Prolonged stays at home
due to COVID-19 induced mobility restrictions can reinforce behaviors that lead to
inactivity, which can lead to a sedentary lifestyle known to lead to several chronic
health conditions (K. Y. Chen et al., 2012). On the other hand, athletes cannot
maintain their performance level because this situation led to an insufficient training
stimulus, as well (Mujika & Padilla, 2000).

Since the seminal work of Morris and colleagues in the 1950s (Warburton et al.,
2006), numerous studies have shown that sedentary lifestyles pose a significant
public health challenge and that the human cost of this is unacceptable (Bull et al.,
2020; Damian et al., 2018; Mannino et al., 2019b; Maugeri et al., 2020; R. Sallis et
al., 2021). Previous studies have shown that insufficient physical activity increases
the risk of cardiovascular disease and various other conditions, including obesity,
all types of cancer, diabetes mellitus, obesity, hypertension, and bone disease such
as osteoporosis and osteoarthritis (Warburton et al., 2006). In addition to these
physical health problems, significant psychological health problems also occur with
decreasing physical activity, such as reduced functional status, psychiatric

morbidity, emotional well-being, and depressive disorders (Galper et al., 2006).

As a modifiable component of energy expenditure, physical activity can influence
energy balance. However, the overall effect of physical activity on total energy
expenditure goes beyond the energy expenditure caused by physical activity.
Increases in resting metabolic rate and thermogenesis can also be observed in the
absence of physical activity. In addition, physical activity can positively affect body

composition by decreasing fat mass and increasing lean mass (L. Miles, 2007). From
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a detailed physiological perspective, physical activity can decrease resting blood
pressure and increase the capacity of coronary arteries to transport blood, and
improve glucose metabolism. There are also beneficial changes in the lining of
blood vessels that help control the distribution of blood throughout the body.
Regular physical activity can also positively affect the body's ability to form and
break down blood clots and favorably alter the lipid profile in plasma (McArdle et
al., 2010).

As evidence has accumulated that excessive sedentary behavior is associated with
adverse health outcomes (Akbari et al., 2021), public health strategies have been
developed and continuously improved to reduce sedentary behavior and increase
physical activity in all age groups. Recent meta-analyses provide ample evidence of
the effects of physical activity on physical health (obesity, mortality related to
cardiovascular disease and cancer), mental health such as depression, anxiety, self-
esteem (Maugeri et al., 2020), cognitive functions such as memory and
concentration and report that even relatively minor modifications, such as promoting

active forms of transportation, have potential benefits in various diseases.

Health concerns related to physical inactivity mentioned above are clear, but for
children, it means more (Chaddock- Heyman et al., 2014). In childhood, physical
activity is vital for maintaining energy balance and promoting bone strength, which
reduces the risk of severe chronic disease later in life (L. Miles, 2007). Because
motor development in childhood is closely related to growth and cognitive
development, it may be critical for later academic achievement (Kantomaa et al.,
2013). In this sense, this pandemic, which is often accompanied by physical
inactivity, is likely to trigger physical, mental, and cognitive problems in some

children and adolescents.

Since physical activity and exercise are crucial elements in strengthening the
immune system, limiting these elements may mean increasing the likelihood of a
severe course of Covid-19. Indeed, this idea is beginning to be supported by recent
studies examining the relationship between exercising and the severe course of
COVID-19. (R. Sallis et al., 2021) studied 48440 adult patients in the US with
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confirmed COVID-19 infection and reported that even irregular physical activity
lowered the chances for a severe course of COVID-19 compared to people who did
not exercise. During exercise, pro-inflammatory and anti-inflammatory cytokines
are released, lymphocyte circulation increases, and cell recruitment and
consequently positive immunological adaptations occur (da Silveira et al., 2021).
These are the main ways in which it is thought to reduce the risk COVID -19 of

serious illness or to manage or minimize its serious effects.

2.1.2. Detraining

Detraining can be defined as a partial reduction or total interruption in training loads
in response to an insufficient training stimulus, leading to a series of physical and
physiological adaptations (Mujika & Padilla, 2000). Detraining may occur as a
result of an injury, illness, or postseason break or as a function of the phases of the
annual planning of training, with some can result in partial reduction or with total
interruption in training loads. Moreover, these two situations have not similar aspect
in terms of physical fitness related performance alterations. In complete
interruption, the daily muscular activation of the athlete is largely lost, while in
partial detraining, the daily muscular activation is somewhat interrupted. Partial
detraining can increase subsequent sensitivity to training stress, making time off a

potentially useful tool to help break through plateaus in the coming year.

Detraining syndrome is caused by an inadequate training stimulus and can occur due
to a partial or complete loss of training (Mujika & Padilla, 2000). The principle of
reversibility of training states that regular physical training leads to various
physiological adaptations that improve athletic performance, whereas a disruption
or significant reduction in training causes a partial or complete reversal of these
adaptations and impairs athletic performance. In such a process, athletes often
experience interruptions in the training process and competitive programs due to
illness, injury, a post-season break, or other reasons that result in a reduction or
cessation of their usual level of physical activity. Today, COVID -19 based
detraining has taken place as a new reason in addition to the aforementioned reasons.

As all sports activities come to a sudden and unexpected halt due to the current

13



situation (COVID 19), this issue of detraining has come to the forefront again today.
This pandemic has forced amateur and professional athletes worldwide to suspend
their training sessions. Although an important exception was made that allows
athletes to practice sports and engage in outdoor physical activity provided that an
interpersonal distance of at least 1 m could be maintained after a certain period, this
concession came too late to maintain physical fitness in the pre-COVID-19 eras.
Due to this unique situation that constitutes detraining syndrome, athletes are
confronted with impaired performance (D. D. Cohen et al., 2020) and increased risk
of injuries such as ligament rupture and muscle injuries (Sarto et al., 2020). When
we consider the issue from this detraining content, it can also be considered the fact
that detraining induced physiological or performance adaptations may also differ
according to some external factors such as type and duration of detraining, as well
as the factors of maturation and training status (Bosquet et al., 2013). Duration of
detraining refers to days in untrained and can be divided into seven categories: < 7
days, 8 to 14 days, 15 to 28 days, 29 to 56 days, 57 to 112 days, 113 to 224 days,
and > 224 days (Bosquet et al., 2013). Data from several studies suggest that even a
short-term detraining period can negatively affect athletic performances (McArdle
et al., 2010). On the other hand, some researchers have drawn attention to the
paradox in maintaining some physical fitness components from 4 to 32 week
detraining period in young subjects (Pereira et al., 2020). In fact, these contradictory
findings might be explained by the effects of other moderators such as sporting
level, age and maturation (Mujika & Padilla, 2000). With considering short-term
studies separately, the level of evidence is limited, with some studies demonstrating
no changes or even increases in a certain strength, speed, and power qualities after
periods of inactivity (Hortobagyi et al., 1993; Irineu Loturco et al., 2015; Pritchard
et al., 2018; Toraman, 2005). Concerning long-term studies, sporting level, another
factor of detraining-induced alterations, moderates the changes (Mujika & Padilla,
2000). With concerning these contradictory findings, it is thought that the effects
of short- and long-term detraining should be handled by considering other
moderators. Moreover, detraining induced-physiological adaptations can also be

considered for better understanding.
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From a physiological viewpoint, cardiorespiratory and neuromuscular adaptations
are essential in various sports, with significant decreases (e.g., 4-14% of maximal
oxygen uptake) following a short-term (< 4 weeks) interruption of training (Mujika
& Padilla, 2000). In parallel, most of the studies to date have that short term
detraining period (less than four weeks) causes decreases in physical performance
(Melchiorri et al., 2014; Thomassen et al., 2010). Moreover, several studies are
reporting even a week of training affects speed performance(Joo,
2016)(Burgomaster et al., 2007; Yoshida et al., 2005). On the contrary, there is also
evidence of maintenance of training-induced gains in physical fitness achieved by
exercise can be maintained. (Faigenbaum et al., 1996) showed that the vertical
jumping performance of children could be preserved entirely for eight weeks. There
are also other studies that show that there is no decrease in performance in children
when they perform different exercises with a certain training intensity(Santos &
Janeira, 2009a). The results of these studies show that moderate or vigorous physical
activities during the detraining phase, which can be called “detraining level ”, can
influence the changes in physical fitness(Bosquet et al., 2013; Tayech et al., 2020).
In this sense, it is needed to highlight the importance of detraining level

differentiation.

From a scientific perspective, very little discussion has been given to detraining
level, which most likely affects detraining-induced physical fitness changes.
(Bosquet et al., 2013) stated that an important consideration in evaluating the effects
of exercise interruption on physical fitness is the dose of physical activity
maintained by participants for the duration of the exercise interruption. In parallel,
(Zaccaetal., 2019) indicated that maintaining physical activity level, or undertaking
mainly moderate and vigorous activities, despite the cessation of training can
minimize the detraining-induced athletic performance losses. From a physiological
point of view, (Liu et al., 2008) revealed that hormonal and psychological
adaptations after maintaining partial training activity (maintaining 50% of exercise
training volume) can be different than totally detrained conditions(complete loss of
training). This evidence underpins the idea that physical fitness can be maintained
with different types of exercises. (Santos & Janeira, 2009a) revealed that it is
possible to retain some athletic performances related to strength and power with a
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continuation of sport-specific training. (DeRenne, Hetzler, Buxton, & Ho,
1996)supported this finding and reported that the application of sport-specific
training once a week during the competitive season was adequate to maintain

strength levels.

COVID19 induced detraining can be a partial reduction or a complete interruption,
similar to other detraining reasons such as illness, a post-season break, or sport
injuries. The fact that even outdoor sports facilities are closed may only provide
athletes with the option to train at home. Providing this option can result in
maintaining physical fitness with the effects of a partial loss of training. However,
in some cases, it is not even possible to perform these exercises. In such situations,
physical fitness components can be affected more dramatically. On the hand, these
changes would be influenced by numerous physiological (e.g., cardiorespiratory,
metabolic, neural, thermoregulatory) and psychological attributes (e.g., mood,

motivation, perception of effort).

2.2. Physical Fitness

Physical fitness and physical activity are sometimes used interchangeably, which is
not always appropriate, and therefore, meanings should be distinguished. Physical
activity is a behavior that includes any body movement caused by skeletal muscle
contraction that increases energy expenditure above a baseline level. On the other
hand, the term physical fitness has several meanings, including health-related
components or skill-related components. In general, this term refers to specific
abilities to efficiently perform physical tasks associated with moderate to vigorous
physical activity. From the physiological point of view, physical fitness is the
capability of the heart, lungs, blood vessels, and muscles to perform at optimal
efficiency (Getchell, 1979). It affects human ability to function and be physically
active and, at poor levels, is a strong indicator of various health outcomes. For
individuals, the key for health seems to be the body's efficiency, and health-related
physical fitness may reflect this efficiency, providing a potential indication of
physical health status (Knapik et al., 2019; Ortega et al., 2008). Although these

terms of physical activity and physical fitness, have different meanings, there is a
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relatively strong connection between these concepts. Low quality of physical
activity can affect physical fitness negatively and, in parallel, worsen the health
status of children. In addition to its impact on health, physical fitness can be
characterized as encompassing various types of muscular strength, speed, agility,
balance, and reaction. This group of abilities is referred to as skill-related physical

fitness.

These components are also related to the performance of specific tasks sports
practice. Additionally, there are other physical fitness components such as balance,
coordination, reaction time and high intensity performances including power, speed
and agility, that are called skill-related physical fitness (Medicine, 2013b). In fact,
these elements vary in the performance requirements of sports. For instance, soccer
is a physically demanding contact sport involving high-intensity activities such as
sprinting, jumping, and tackling and typical senior soccer match is 90 minutes in
duration, with frequent intense bouts of these activities and short recovery bouts
These performance requirements can vary by sport, as can the sporting level of
athletes in the same sport. Elite players perform 500-600 m of high-speed running
(19.8-25,2 km/h) and 180-200 m of sprinting (>25,2 km/h) during a typical game.
On the other hand, the total covered distances, a part of cardiovascular fitness,
depends on team success in soccer (Joo, 2018). In this sense, there is no single
variable measures physical fitness, which is a composite factor varying with soccer

due to including intricate blend of aerobic and anaerobic performances.

2.2.1. Health-Related Physical Fitness

Health-related fitness is often characterized as lifetime activity and used to assess
people who are not interested in high-intensity activities (Medicine, 2013a) and
consists of five measurable components including body composition, cardiovascular

endurance, muscular strength, muscular endurance, flexibility.

Several studies have confirmed that body composition, which refers to the relative
amount of water, bone, muscle, and fat in the body, is associated with many health

problems such as the risk of obesity, cardiovascular disease, and diabetes. The
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impact of low cardiorespiratory fitness on mortality varies with other conventional
health indicators such as body weight, blood pressure, cholesterol levels, and
smoking (Artero et al., 2011). The gold standard measure of this component is
maximal oxygen uptake (VO2max) tests; however, assessments of cardiorespiratory
fitness using physical fitness tests are relatively easy to obtain and can routinely be
gathered (Jurca et al., 2005). Researchers usually prefer 20-m shuttle run as a
physical fitness component (Rtero et al., 2011). The VO2max can then be estimated
from the data gathered from the frequency distribution of measured distances.

Musculoskeletal fitness requires that a given muscle or muscle group is capable of
generating force, resisting repeated contractions over an extended period of time or
sustaining a maximal voluntary contraction over an extended period of time
(muscular endurance), and performing a maximal, dynamic contraction of a single
muscle or muscle group(power) in a short period of time (Artero et al., 2011).
Scientific evidence showed that there are strong relationships between
musculoskeletal fitness and health outcomes. The handgrip strength and standing
long jump tests are most often used to measure and assess this component. These
tests can consider as alternative tests that have not yet been shown to be related to
health but are valid, reliable, and feasible; however, it can be not appropriate to
interpret as a health context until their relationships with health outcomes have been
established more firmly in youth (Pillsbury et al., 2013). Assessment of
musculoskeletal fitness should also include flexibility, defined as intrinsic properties
of body tissues that determine the maximal joint range of motion without causing
injury (Nuzzo, 2020). It is classified as an important component of physical fitness
(Corbin & Noble, 1980) and may be linked to various health outcomes such as back
pain, injury prevention, and posture (Pillsbury et al., 2013). There are several
flexibility tests such as shoulder stretch (also called the zipper test), trunk lift, and
sit-and-reach test, which is most commonly used to assess low-back and hip

flexibility.

In order to assess general health-related physical fitness, there are more than fifteen
test batteries such as 'Eurofit,’ 'FitnessGram," and 'Alpha-fit' worldwide

(Kolimechkov, 2017). A general principle in physical fitness testing is that one test
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is considered the gold standard, that is, it is considered the definitive or true measure.
Although the gold standard test is a criterion test, it is not always possible for a
variety of reasons. These include the need for expensive equipment, trained experts,
a large time commitment, and increased risk to the test subject.

2.2.2. Skill-Related Physical Fitness

Health-related physical fitness components that enable a person to become
physically healthy is also linked to athletic performance in sports. On the other hand,
there are performance related component of physical fitness such as speed, agility,
maximum power or strength, and motor or cognitive skills such as balance, reaction
time, and coordination. People who are sedentary do not have the same level of these
performances as athletes. They have high body mass index, low muscle strength,
and low cardiopulmonary fitness (McArdle et al., 2010). Although the combination
of health-related and skill-related aspects of physical fitness is imperative in shaping
individuals in sport (Kariyawasam et al., 2019), these differences are more specific
to the skill-related components than to the health-related components as they relate
to exercises. Moreover, skill-related physical fitness performances are quite poor

compared to that of sedentary athletes, such as balance, strength, and speed.

Test battery selection for assessing skill-related physical fitness related to sports or
occupational performance is determined by specific sports requirements. Previous
studies investigating anthropometric and physiological attributes of various athlete
groups have demonstrated that a battery of field-based tests can distinguish different
sports. While only a few components were required for some sports, specific
components can be selected (performance-derived) for some competitive sports like
soccer characterized by intensive and repetitive anaerobic efforts such as sprints,
jumping, accelerations and decelerations, and technical skills such as shooting,
passing, ball control, dribbling, and application to innumerable situations
(Bloomfield et al., 2007). Creating a test battery considering this demand can also
be called performance-related physical fitness. It refers to those components of

fitness that are necessary for optimal work or sports performance.
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2.2.3. Rationale of Physical Fitness Assessments

Physical fitness refers to the ability of body systems to work together efficiently to
allow to be healthy and perform daily living activities (Caspersen et al., 1985).
Indeed, this definition can explain the health-related identifications such as being fit
and being healthy. Due to the high cost, the need for specialists, and the time
involved, it is very difficult to measure a person's health with medical examinations.
Physical fitness tests are relatively inexpensive and easy to use methods compared
to these applications. Therefore, it would not be wrong to say that evaluating a
person's health status through physical fitness measurements is the best method. In
this parallel, scientific studies focusing on the benefits of physical fitness on health
have used physical fitness assessments. As practical implication, physical fitness
testing is also an important tool for monitoring training-induced adaptations and

evaluating the level of physical performance at athletes.

The assessment of physical fitness is a necessity in scientific studies to observe the
health effects of physical activity. On the other hand, physical fitness can be
considered as an integrated measure of most body functions, such as skeletal-
muscular, cardiorespiratory, psychoneurological, and endocrine-metabolic
functions involved in performing daily physical activities and/or exercises (Ortega
etal., 2008). That is, when physical fitness is tested, the functional status of all these
systems is being checked. In view of these facts, fitness tests are important tools that
indicate the state of health in practical ways. Assessing children's physical fitness
has become even more critical with the growing awareness of the relationship
between physical activity, health, and physical development (Hallal et al., 2003).
And, assessments of physical fitness are also important to athletes or their coaches
in the way that it provides performance evaluations. Scientific literature has firmly
established that there are meaningful differences between elite and non-elite or
amateur athletes in all these parameters of physical fitness (Franchini et al., 2005).
These evaluations using physical fitness testing not only guide the design of training
programs for athletes, but also provide benefits by showing performance losses at
different rates in the detraining process. In this way, it becomes easier to design a

retraining program following a detraining period according to performance
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requirements of the athletes. However, "maturation” and “training status™ factors,
which play an important role in both training-induced and detraining-induced
physiological adaptations, should be taken into account for assessing physical
fitness.

2.2.4. Influence of Maturation on Physical Fitness Adaptations to Detraining

It has been well documented that training- or detraining-induced physiological
adaptations may vary by gender, age, maturation and sporting level. The previous
studies have shown that detraining-induced changes can also be more dramatic in
older people for strength and power outputs when compared with young individuals
(Bosquet et al., 2013). In young individuals, this situation was markedly different.
Since age-related muscle weakness (also defined as dynapenia) and decreased
maximal oxygen consumption rate (VO2 max) occur in the elderly (> 65 years old),
impairments in general functional abilities are observed after only one week (Leitao
etal., 2019; Manini & Clark, 2012). Within a given population of chronological age,
some children may have an advantage or disadvantage based on their maturity
status, independent of other external or internal factors (Mota et al., 2002).
Specifically, greater height and mass (usually to a fat-free mass) based on
maturation scales lead to the desired successful physical performance in sports that
require strength, speed, and endurance (Moran et al., 2017; Philippaerts et al., 2006;
Schorer et al., 2009). In addition to maturity-related physical fitness differences,
maturation seems to also play a determinant role in the physical fitness adaptations
to training or detraining (Romero et al., 2021). Considering the fact that COVID-19
induced mobility restrictions induced physical fitness adaptations can also be
explained by detraining-induced physical fitness adaptations, the literature on
detraining should also be addressed to understand this maturity related physiological

adaptations.

When strength and power performances can be maintained from 4 to 32 week
detraining period in young subjects, skill-related physical fitness can be impaired in
a week (Faigenbaum et al., 2013).
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Child athletes require a higher volume of training than non-athletes’ counterparts to
maintain the current level of performance. Furthermore, training recommendations
are tailored to the needs of athletes according to sport-specific performance
requirements. Otherwise, athletes faced with an unprecedented and relatively long-
term reduction or cessation of their training (detraining syndrome) will inevitably
experience a decline in performance (Andreato et al., 2020). The assessment of
performance changes in child athletes following the temporary or permanent
reduction or withdrawal of a training stimulus is complicated by concurrent growth-
related increases during the same period (Faigenbaum et al., 2013). Santos &
Janeira, (2009) demonstrated the adverse effects of a 16-week training period and
reduced training following a 10-week strength and conditioning program on
explosive strength in adolescent male basketball players. Because weight-bearing
and strenuous activities such as running or skipping are most effective at increasing
bone strength in children (L. Miles, 2007), athletic children who engage in high-
intensity training are likely to have incredible health benefits. Therefore, the loss of

physical fitness may be even more dramatic when such training is discontinued.

Evidence demonstrated that maturation related physiological changes ( e.g.,
hormonal alterations, changes in height, central nervous system myelinization)
during growth have a positive effect on the transference of resistance training gains
to motor skill performance (Behringer et al., 2010, 2011) and may promote different
types of adaptation depending on maturity level, assessing strength, power, speed,
and the force-velocity relationship (F-v) may provide greater insight into how
maturity level alters the effects of strength training (Moran et al., 2017). Behringer,
VVom Heede, Matthews, & Mester, (2011) indicated that adolescents might be able
to make greater adaptations concerning muscular strength, the transference of
resistance training gains to motor skill performance may more be pronounced in
children. On the other hand, assessing detraining-induced physical fitness changes
in children after a detraining period is a more complicated issue because of existing
individual differences in terms of maturation-related morphological and neural
changes. Tsolakis, Vagenas, & Dessypris, (2004) revealed that post training
hormonal gains in preadolescent males were preserved, but significant strength
decreases were found at the end of an 8-week detraining period. Since strength
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training stimulates the anabolic and androgenic activities that are different in
adolescents (Tsolakis et al., 2000), maturational differences may also have different
aspects on strength and power performances following cessation of strength training
(Meylan et al., 2014). Santos & Janeira, (2009) stated with supporting this charge
that maintenance of some physical fitness components may be attributed to physical
growth in adolescents. However, there is still no consensus in the current literature
that how effects of detraining on physical fitness components of children because it
has not been extensively studied. The majority of previous studies investigating
detrained-induced physical fitness adaptations in children have not considered an
important issue that the question of a maturation specificity in response to
detraining. At the same time, the evidence is quite clear that more mature children
can carry high performance out than less grown children (Philippaerts et al., 2006).
Since only a few studies have focused on this topic that reported conflicting results,
the precise nature of the detraining-induced performance and physiological
alterations that occur during the detraining period according to maturation status

remains uncertain for now.

2.2.5. Influence of Training Status on Physical Fitness Adaptations to

Detraining

Another critical issue when assessing the impacts of detraining on physical fitness
components is training status (sporting level), which refers to previous training
experiences, directly determines the type of adaptations that subtends strength gains
and probably the speed of reversibility (Bosquet et al., 2013). Since elite athletes
have greater weekly training volume, including high-intensity sessions, they exhibit
greater physical capabilities than recreationally trained athletes(Edwards et al.,
2003; D. J. Smith, 2003). Furthermore, trained induced physical performance
changes of highly trained athletes are much more limited than untrained or
recreationally trained individuals (Ahtiainen et al., 2003). And yet, it's not farfetched
to think that there may be detraining-induced differences according to their previous
training history. There are interesting findings on this topic, with making
classification by training status such as elite-sub-elite-amateur or highly trained-

moderate trained-recreationally trained. One thought that came to the fore was
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reductions in strength-power performances in athletes depends on training
backgrounds after long-term detraining. Bosquet et al., (2013) reported a more
considerable decrease in maximal force and maximal power of previously inactive
people than recreational athletes, but non-significant differences compared with
competitive athletes. These results were attributed to the complexity of the training

stimulus and its corollary the adaptation process in that study.

With a physiological view, (Mujika & Padilla, 2000) demonstrated that short-term
cardiorespiratory detraining in highly trained athletes is characterized by rapid
declines in maximal oxygen uptake (V O2max) and blood volume (VO2max
declines are significant in highly trained athletes but less so in recently trained
individuals). It is also stated in that study that some characteristics of detraining are
not necessarily identical in highly trained athletes with a multi-year training
background who wish to improve their athletic performance and in recently trained
but previously sedentary or moderately active individuals who are engaged in a
program of physical activity that is usually for either health-related or research

purposes.

2.3. Impacts of COVID-19 Induced Mobility Restrictions on Physical Fitness

The impact of the COVID -19 lockdown on physical activity, made clear in the
previous chapter, means that physical fitness profiles are also affected by this
lockdown, considering that these two concepts are interrelated. In parallel, physical
fitness, including various aspects of human performance such as speed, balance,
agility, coordination, reaction time, muscle strength and power, cardiorespiratory
endurance, flexibility, and body composition, may predict levels of physical activity
during the COVID -19 pandemic (Tsoukos & Bogdanis, 2022). However, there are
few studies that examine the effects of COVID -19 Lockdown on physical fitness
and present data from physical fitness testing. Sunda et al., (2021) showed negative
effects of the COVID-19 lockdown on muscular fitness in adolescents aged 15-17
years. Guessogo et al., (2021) showed that COVID-19 semi lockdown resulted in
impaired strength (43.1%), speed (55%), and endurance (78%). Spyrou et al., (2021)

showed that sprint and specific countermovement jump variables were significantly
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affected by long-term reduced training, whereas vertical jump height and horizontal
jump distance and body composition were not. Salazar et al., (2020) reported that
all components of physical fitness were negatively affected by COVID -19
lockdown with moderate to substantial effects in elite youth basketball players. The
reasons for the contradictory findings in these studies may be attributed to the
duration and content of the COVID-19 lockdown and population differences
regarding maturity and training status as mentioned in previous chapters. In fact,
studying the effects of the COVID -19 lockdown means studying the effects of
physical inactivity or the effects of detraining for athletes. In this context, it is
reasonable to see differences in changes in physical fitness as different physiological
adaptations occur depending on the duration and content of detraining, described in
the relevant literature as detraining duration and detraining level.

Furthermore, the extent of the effects may vary depending on age, gender, maturity
level, and training status. To the best of the author's knowledge, few studies on
soccer players and even limited evidence on child athletes. Grazioli et al (2020)
reported impairments in countermovement jump, acceleration, and running
performances, with non-significant changes in eccentric hamstring strength, squat
jump height, and cardiorespiratory fitness in professional soccer players (26.3+ 5.6
years old) in response to 63 days-COVID -19 lockdown. In contrast, Demir et al.,
(2021) reported adverse effects on eccentric hamstring strength after short-term
COVID -19 lockdown in professional male soccer players (24.9+ 4.8 years old).
Considering the literature on physical fitness, detraining, and physical activity, it
was hypothesized that COVID -19 induced mobility restrictions would harm all
soccer players. In addition, more significant impairments were expected in highly
trained players compared with recreationally trained players. The impairment of
physical fitness is expected to be much higher in athletes than in non-athletes due to
the principle of super-compensation (McArdle et al., 2010). Following the same
direction, athletes are expected to have different levels of physical fitness
impairment depending on their training status. It is also possible to evaluate
physical inactivity in a detraining concept because athletes cannot have insufficient
physical activity levels as long as they have certain levels of training volumes. It
was challenging to hypothesize unequivocally about maturation-related adaptations
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in physical fitness because there may be several physiological advantages and
disadvantages that influence these adaptations. Although it is the first logic that
comes to mind, the detraining-induced performance losses in children at puberty
might be more limited than in children before puberty because there are more
growth-related natural developments in physical fitness; one might also expect to
see less performance decline in children during prepuberty, since the development
of physical fitness during this period is due to neural adaptations, whereas a
combination of neural and hormonal adaptations occurs during puberty (Lloyd &
Oliver, 2012).
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CHAPTER 3

METHODS

3.1. Experimental Approach to the Problem

A repeated measures design was utilized to test physical fitness changes in response

to 27-week periods of COVID-19 induced mobility restrictions.

The study design was created by determining the factors that could affect the
changes in the parameters of physical fitness, which are the study's dependent
variables. In this sense, maturity and training status were included as independent
variables, and age, gender, and sport-related characteristics were controlled for
based on the selection criteria. Detraining duration and detraining level as another

important moderators were also considered.

Because the duration of detraining was the same for all participants (27 weeks),
there was no need for intervention. However, physical inactivity was set as an
inclusion criterion to control for the effects of detraining level, which is another
crucial moderator of physiological adaptations to detraining. It was considered to be
appropriate to apply questionnaires regarding on physical activity and detraining
conditions. The data gathered from these questionnaires were used to reveal
detraining and physical inactivity effects of the mobility restrictions which were
included as independent variables of this study. Hence, it was thought that more
homogeneous groups would be created with excluding data owned by those who are
physically active during the lockdown. It was planned to exclude some data from
participants who were physically active during the lockdown period; however, there
was no problem in terms of the level of physical activity during the pre-lockdown

period.

Since it was not known how long the COVID-19 related mobility restrictions would

last, no specific detraining period was included in the study design. Second
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measurements were taken on the first day of return from long-term detraining (27
weeks later). An overview of the study design is provided in Figure 2. and details of

the test procedures and instruments are described below.

| Sample selection |
Identifying physical activity levels and verifying training status: Surveying and
interviewing
Anthropometric measurements
Physical fitness tests

Repeated tests for reliability analysis |

l COVID-19 LOCKDOWN l

Identifying physical activity levels and verifying training status: surveying and
interviewing
Anthropometric measurements
Physical fitness tests

v
Data exclusion
v
Grouping by maturity status
Highly trained players Recreationally trained players
Pre-PHV | Mid-PHV Pre-PHV | Mid-PHV

Figure 2. Study Overview

After surveying and interviewing the children with their parents to determine their
current activity level and previous exercise level, the plan was to collect
anthropometric data and then measure the following selected physical fitness tests
(dependent variables): Handgrip strength (HG), dynamic balance (Y balance test),
countermovement jump (CMJ), squat jump (SJ), drop jump (DJ), sprinting
(acceleration: 10-m run, speed: 20-m run), zigzag agility (without ball: ZAWHB,
with ball: ZAWB) in their last training before COVID -19 suspension.

In keeping with secondary research questions of the study, grouping was carried out
according to training status and maturity status to provide initial assessments before
the first tests. Afterwards, participants were asked to repeat the selected tests after
one week to analyze reliability, and the majority of them participated in these
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measurements. Test-retest reliability was good to excellent for each test, and the
ICC ranged from 0.72 to 0.99. (Tablel).

Table 1
Intraclass Correlation Coefficients (ICCs)
Session 1 Session 2 1CCs (%95 CI)

HG (Kg) 20.09 (5.95) 20.44 (6.13) 0.975 (0.957-0.985)
R-HG (Kg/BMI) 1.07(0.3) 1.08 (0.3) 0.982 (0.969-0.990)
10m (s) 2.55 (0.26) 2.54 (0.25) 0.988 (0.978-0.993)
20m(s) 3.83(0.37) 3.82(0.36) 0.989 (0.980-0.993)
SLJ (cm) 152.5 (22.6) 153.2 (22.7) 0.983 (0.971-0.990)
DJ (cm) 20.87 (4.7) 20.83 (5.47) 0.772 (0.634-862)
RSI (mm/ms) 0.74 (0.25) 0.75 (0.27) 0.966 (0.941-980)
SJ (cm) 19.79 (4.09) 20.27 (5.11) 0.722 (0.561-0.830)
CMJ (cm) 24.22 (5.92) 24.67 (6.69) 0.853 (0.757-0.913)
ZAWB (5) 10.52 (1.33) 10.53 (1.32) 0.996 (0.994-0.998)
ZAWHB(S) 8.18 (0.76) 8.20 (0.77) 0.989 (0.981-0.994)
Normalized Y- 100.6 (8.3) 101.8 (8.2) 0.753 (0.606-0.850)

Balance (%)

Legend: HG= Handgrip Strength, R-HG= Relative Handgrip Strength, 10m= Acceleration 20m= Running
velocity, SLJ=Standing long jump, DJ=Drop jump, RSI= Reactive Strength Index, SJ= Squat Jump, CMJ=
Countermovement Jump, ZAWB= Zigzag agility with the ball, ZAWHB= Zigzag agility without the ball

The sample size was sufficiently large at pre-test (n=142), but dropped to 52 subjects
at the end of post-test following reasons; the majority of recreational players
withdrew from the study due to health concerns (n=28) and lack of interest (n=18),
and more than half of the population had various home-based training programs
(n=30), seven subjects who were outside the identified PHV ranges (three subjects
had maturity offset values higher than 0.6 years, and four were in a borderline range
between pre- and mean PHV values), four participants who had high weekly
physical activity levels (> 2500 METxweek), three were actively involved in several
sports such as swimming and tennis. Because COVID -19 induced mobility
restrictions lasted longer than expected, a critical detail related to maturational
transitions occurred. The remaining 52 subjects who completed all study aspects
included 27 highly trained (n = 16 pre-PHV and n = 11 mid-PHV) and 25
recreationally active players (n = 15 pre-PHV and n = 10 mid-PHV); therefore, data
from the majority of participants were excluded from the study. Training volumes

based on maturity and training status are presented in figure 3.
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Highly trained Recreationally trained

OPre-PHV B Mid-PHV

Figure 3. Average Total Weekly Training VVolume (Hours) Before the COVID-19
Lockdown

3.2. Participants

Sixty-three (63) highly trained young soccer players contracted to the U11, U12,
U13, and U14 teams of a local feeder club of a professional team in Turkey and 79
recreationally trained soccer players aged 10-14 years from the local soccer schools
of this team volunteered to participate in this study. These age groups (10-14 years)
were preferred because it is in these age groups that the differences between pre-
PHV and mid-PHV are apparent (Figueiredo et al., 2009). Both highly trained and
recreationally trained players had at least two years of experience with systematic
soccer training, while their training backgrounds differed in terms of training
volume. Highly trained players had 4-6 training sessions weekly that included high-
intensity physical efforts (strength and power training), technical and tactical
practices, and soccer-specific skills such as passing, shooting, and dribbling,
whereas recreational soccer players had 2-3 training sessions weekly that included
only soccer-specific skills at moderate or low training intensity. The differences in
training volumes between these two populations were described in detail in section
3.3.9.

30



3.3. Measurements and Data Collection Procedures

The study was approved by the Middle East Technical University Human Subjects
Ethics Committee (258-ODTU-2020/28620816). Participants and their parents
granted consent to partake with received information about study content on the first
page of the questionnaire without providing any sensitive personal data such as
name, ID number, and awareness that their knowledge and answers are used in

scientific studies.

Before measuring physical fitness, training status was determined using data
obtained from participants' records in the club's player monitoring system. The data
were verified using a semi-structured interview with five open-ended questions as
detailed in section 3.4.9. After obtaining anthropometrics, maturity offset prediction
equations derived from some physical features, including age, height, leg length,

and sitting height, as denoted by years to and from PHV was used.

Laboratory methods can objectively and accurately measure physical fitness.
However, due to limitations such as lack of time qualified specific and costly
instruments, this is not as common as an alternative to field-based fitness testing
(Kolimechkov, 2017). Considering this fact, field-based tests, which are an available

alternative for measuring fitness components, were chosen in this study.

As a musculoskeletal fitness, handgrip strength and different types of jumps were
selected. These tests reliable and valid measures (Artero et al., 2011), are the most
commonly used field-based tests for measuring musculoskeletal fitness in all
populations with high correlation to gold standard laboratory measurement methods
(Ruiz et al., 2011). To select appropriate motor fitness tests, soccer-specific
performance demands were identified by considering the literature on this topic. The
literature indicates that competitive sports such as soccer, which are characterized
by intense and repetitive anaerobic efforts such as sprinting, jumping, accelerating,
and decelerating, and technical skills such as shooting, passing, ball control, and
dribbling, may require numerous components of physical fitness, whereas other

sports require few of these components. With this in mind, some skill-related tests
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were added to the selected health-related components of physical fitness in this
study, including technical skills, jumping, and agility. It is thought that the changes
in dynamic balance and agility associated with soccer performance can provide
more meaningful information about physical fitness. Y-balance test, a reliable and
valid method for assessing dynamic balance (Butler et al., 2012). Zig-zag agility,
which includes acceleration and deceleration performances and can also evaluate
important technical skills such as dribbling with the ball, were selected as motor

fitness components.

3.3.1. Anthropometric Measurements

Body mass (kg) was measured with a bio-impedance scale (Tanita® BC-418MA,
Tanita Corp., Tokyo, Japan) with an accuracy of 100 g (0.1 kg), while standing
height (cm) and sitting height (cm) was measured with a portable stadiometer
(SECA 217, Hamburg, Germany) with an accuracy of 0.1 cm. Subjects were
positioned in an upright sitting position at head level, and the distance between the
top of the head and the sitting surface was measured. Leg length was calculated by
subtracting this value from standing height. Body mass index (BMI) was also

calculated as body mass in kilograms divided by standing height squared in meters.

3.3.2. Handgrip Strength

Isometric handgrip dynamometer (Takei Digital Grip Strength Dynamometer Model
T.K.K.5401, Takei Scientific Instruments Co., Ltd., Tokyo) was used to measure
participants' muscular strength. This device has a load limit between 0 and 100 kgf,
digital display, minimum reading of 0.5 kgf;, rectified adjustable, complacent handle,
and a force transducer (Amaral et al., 2012). Handles of the dynamometer were set
according to hand and finger sizes for each participant. Then participants performed
three maximal isometric efforts for six seconds in a standing position with the arm
extended straight down to the side unless the participant was physically limited.
Each hand was tested three times with one-minute rest, and the sum of the largest
values from each hand (in kilograms) recorded absolute Handgrip strength. Relative
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Handgrip strength was also calculated as absolute grip strength divided by BMI as

previously recommended (Lawman et al., 2016).

3.3.3. Jumps

The standing long jump test mirrored previous studies (R. Hammami, Granacher, et
al., 2016a). Subjects were asked to jump forward with unrestricted arm movements
after standing stationary with the toes aligned level with the start line. The instructor
measured the jumped distance between the start line and landing position using a
measure of metal in centimeters. Each participant performed three jumps, and the

best score was recorded.

Three different vertical jump tests (countermovement jump, drop jump, and squat
jump) were performed using the Optojump™ photocell system (Microgate,
Bolzano, Italy), which is valid and reliable (ICCs ranging from 0.982 to 0.989) to
estimate jump height (Glatthorn et al., 2011). In this system, jump heights were
estimated from flight time calculated as the time between take-off and subsequent
landing. Each session was planned as follows: (a) warm-up, (b) CMJ, (c) SJ (d) DJ.
All tests were conducted in random order with no more than three trials (1-minute
rest after each trial) on a soccer field (synthetic grass) and with a passive recovery
period of no less than two minutes. In the CMJ, participants were asked to jump as
high as possible with a quick preparatory eccentric downward movement while
placing their hands on their hips to reduce lateral and horizontal movements in the
test, to avoid any effect of arm movements on vertical jumps, and to prevent
coordination from appearing as a confounding parameter in the evaluation of
neuromuscular performance of the leg extensors (R. Hammami, Chaouachi, et al.,
2016a). Similarly, subjects performed the SJ from a standing position, bent their
knees to 90°, paused for 3 seconds, and then jumped as high as possible, trying to
avoid any knee or trunk countermovement. Instead of individual heights, 30-cm
boxes were set for all subjects because, after reviewing studies on this topic, this
height was considered most suitable for inducing fast and powerful drop-jump
performances during reactive strength training for athlete children (Prieske et al.,

2019). Subjects were instructed to place their hands on their hips and jump off the
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jump boxes with their front leg extended to prevent an initial upward thrust and to
achieve a 30-cm drop height (Power et al., 2004). Subjects were encouraged to aim
for maximum height and minimum ground contact time during all jJumps. In order
to assess explosive strength (can be called power), Reactive Strength Index (RSI)
was calculated using the time spent on the ground after dropping from the box and

the jJump height achieved (computed as Height (in m) / Contact T.).

3.3.4. Acceleration and Maximal Running Velocity

An electronic timing system (Smart speed, Fusion Sport, Australia) measured 10-m
acceleration and 20-m flying times with previously established methods (R.
Hammami, Granacher, et al., 2016a). Three timing gates were positioned at 0-m,
10-m, and 20-m and were set at a 0.8-m height for each gate. The start stance was
marked just 20-cm behind the first timing gate. The participants were instructed to
step on the marker behind the start line and keep running until they reached the last
marker placed 5-m after the last timing gate. After 2 minutes of recovery time, they
repeated the same procedure twice more. Best values (shortest scores) for each
distance of three performances were recorded.

3.3.5. Agility

The zigzag agility tests at two different forms (with and without the ball) has been
used to assess agility. This test can be used to test the ability to change of direction,
acceleration, and deceleration. In addition, by performing this test with the ball,
other football-specific technical skills such as dribbling and ball control can be
assessed (Koklii et al., 2015).

This test begins with a straight 5-m acceleration followed by three linear 5-m sprints
after changing directions at 100° angles. Participants wore their soccer shoes and
started independently without visual or auditory stimuli on a synthetic grass pitch.

Time was measured using electronic timers (Smart Speed, Fusion Sport, Australia).

The timing gates were located 0.8 m above the ground, and participants started

running 20 cm (30 cm when zigzagging with the ball) behind the starting line. There
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was 15.32 m between the start and finish gates, and the total distance covered was
20 m for each subject (Figure 4). Participants were not instructed on effective
movement techniques. They were simply required to complete the course as quickly
as possible and place their preferred foot forward while standing (Lockie et al.,
2013). In the zigzag agility test with ball, there was no criterion such as the number
of times the ball was touched or foot preference. After three successful trials with 2

minutes rest, the best performances were recorded.

Figure 4. Zigzag Agility Run Dimensions and Completion Route

3.3.6. Dynamic Balance

To assess dynamic balance ability, the Y-balance test was performed in which three
excursions (i.e., anterior, posteromedial, posterolateral) were made with the
contralateral leg while maintaining balance in a single-leg stance (Plisky et al.,
2006). This test showed high reliability (intraclass correlation coefficients: 0.71 -

0.88) in terms of isometric hip strength and dynamic stability (Read et al., 2019).

The two posterior lines extended from the center of the grid where participants were
positioned at 135° to the anterior line and 45° between the two anterior lines. The

instructor demonstrated the procedure before the test, and then participants
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performed three trials in all directions without shoes. The participant performed a
reach in the three different directions with the non-dominant leg while maintaining
a single-leg stance. The heel of the supporting foot had to touch the ground, both
hands had to be placed on the hips during the test, the participant had to touch the
measuring tape at the longest possible point possible, and the participant recovered
to return to a one-legged stance position for at least 2 seconds to perform a proper
test attempt. Trials were invalid or repeated if participants failed to touch the line
(2), moved their standing foot off center of the grid (3), lost balance at any point
during the trial (4), failed to maintain the start and return position for 1 second, or
(5) received assistance from the reaching foot by sitting up (R. Hammami,
Granacher, et al., 2016b). To standardize differences in reach distances due to leg
length, normalized values were calculated by dividing each reach distance by the
leg length of the subjects and then multiplying by 100 for each direction to obtain

these normalized values, and the average of these three values was considered.

3.3.7. Physical Activity

The literature shows that more than 30 methods have been used to measure physical
activity levels, with the majority of them have opted to use self-reported (subjective)
measures such as diaries, physical activity logs, recall surveys, and questionnaires
due to feasibility and cost constraints (Laporte et al., 1985). Insight into the several
constraints such as feasibility and cost, growing interest, and measurement
difficulties have stimulated the development of a standardized questionnaire to
assess physical activity in various populations (Hallal et al., 2003). The International
Physical Activity Questionnaire (IPAQ; www.ipag.ki. SE) was therefore developed
by researchers from several countries with the support of the World Health
Organization and the Centers for Disease Control. Several versions of the
questionnaire have been produced, differing in the number of questions (long or
short), the period of collection (usual week or last seven days) and the method of
use (self-administered, telephone, or face-to-face interview). This method has been
relied upon heavily in Turkish studies and surveys conducted to date (Saglam et al.,
2010).
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All participants completed the Turkish version of IPAQ-SF before pretest and
posttest, as previously described by Saglam et al., (2010). Based on IPAQ-SF,
physical activity was classified into three categories: vigorous activity, moderate
activity, and walking. From the time spent (in minutes) for each of the above
physical activities, utilized MET for the physical activity was estimated by
multiplying MET with time spent. Similarly, MET utilized for a particular week was
calculated by multiplying with the number of days the following physical activity
was performed. Thus, MET-min/wk was estimated using the following MET values:
walking —3.3 METSs; moderate activity—4.0METSs and vigorous activity—8.0 MET.
Furthermore, outcomes were classified into three categories: inactive (<700
METxweek), moderately active (7002500 MET x week), and active (>2500
METxweek), according to the scoring system provided by IPAQ (Craig et al., 2003).

3.3.8. Training Status

Training volumes were tabulated with the data obtained from the players through
the interviews and data gathered from the club's players' monitoring system and
reported as hours of training (training loads and intensities were not considered) in
the last six months on average. In a semi-structured interview, the subjects were
asked 1) How many years have you been training? 2) How many days per week
have you trained in the last six months? 3) How many days have you not trained in
the last six months? 4) What is the average length of your training session? 5) How
many competitions do you compete in per year? Training periodization plans were

obtained to verify the interview data from their coaches.

3.3.9. Maturity Status

To predict maturity status, chronological age (on the testing day) and
anthropometrics (height, body mass, sitting height) were entered into equation of
Mirwald, Baxter-Jones, Bailey, & Beunen, (2002). In this equation, the maturity
offset is calculated as follows: -9.236 + (0.0002708 * Leg Length * Sitting Height)
+ (-0.001663 * Age * Leg Length) + (0.007216 * Age* Sitting Height) + (0.02292
* Weight by Height Ratio). This equation predicting maturity offset with using
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anthropometric variables within an error of +1 year and 95% of the time, has been
used in a number of studies (Koziet & Malina, 2018). To reduce the risk of
participants being allocated to the wrong group based on an error of measurement
(approx. + six months) associated with the utilized method (Moran et al., 2018),
narrower PHV ranges (pre-PHV =>-4.2 and <-1.5, mid-PHV = >-1.0 and<+0.6
years from PHV) were utilized as previously recommended by (Mirwald et al.,
2002). Subsequently, participants were divided into pre-PHV (highly trained: n= 16;
recreationally trained: n = 15) and mid-PHV (highly trained: n= 11; recreationally
trained: n = 10). There were 0.8 years between the most mature subject of the pre-

PHYV groups and the least mature subject of the mid-PHV groups.

3.4. Statistical Analysis

Before the main analysis, intraclass correlation coefficient (ICC) with a two-way
mixed model was performed to reveal the level of reliability for each physical fitness
parameter by the majority of the whole sample (n= 92, data gathered from the pre-
test scores and six days after - Table 1.). Between-group differences for highly and
recreationally trained children of the same maturity status were computed in
separate analyses using independent sample t-tests. For this analysis, the normality
of data was confirmed using the Shapiro Wilk test. Because the assumptions of
homogeneity of variances and normality were violated for the physical activity level
parameter, a Wilcoxon signed rank test was performed to show the differences
between pretest and posttest. Comparisons of the changes in each physical fitness
variable were analyzed using 2 (time: pre, post) x 2(training status: highly,
recreationally trained) x 2 (maturity status: pre-, mid-PHV) repeated measures
ANOVA. Mauchly's statistics were performed, and Greenhouse— Geisser
adjustments were considered when the sphericity assumption was violated.
Bonferroni or Games-Howell post hoc was chosen when equal variance was or was
not assumed respectively. Calculation and interpretation of effect size (as trivial (<
0.2), small (0.2-0.5), moderate (0.5-0.8), and large (> 0.8)) was based on Cohen's d
statistical classification (Cohen, 1988). Analyses were computed using SPSS
Version 24 (SPSS Inc., Chicago, IL, USA), with statistical significance set at an
alpha level of p < 0.05.
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CHAPTER 4

RESULTS

In this chapter, initially, descriptive statistics of the anthropometrics were included.
Afterwards, the changes in selected parameters of physical fitness were reported for
each group separately. Then, the significances for 3-way and 2-way interaction
effects as well as for main effects were presented to show comparisons of changes
according to maturity and training status. Finally, significant differences from the
results of the 2 x 2 x 2 (time X training status x maturity) repeated measures

ANOVAS were interpreted with effect sizes.

4.1. Descriptive Statistics

Descriptive statistics for anthropometrics including age, maturity off set, height,
body mass, body mass index, sitting height, and leg length, are shown in Table 2 as
mean = SD. The values of MET, describing the level of physical activity, were
reported as mean with 95% confidence intervals in Table 3.

Table 2
Characteristics of the Participants
Pre-PHV (n=31) Mid-PHV (n=21)
Variables Highly trained  Recreationally p Highly trained  Recreationally p
(n=16) trained (n=15) (n=11) trained (n=10)

Age (y) 10.66+1.1 10.04+1.1 0.09  13.81+1.2 12.94+0.8 0.08
MO (y) -2.98+0.58 -3.14+0.74 051  -0.32+0.68 -0.71+0.56 0.16
Height(cm) 136.19+6.18 136.94+7.98 0.77  160.45+£12.32 155.1+£8.6 0.26
BM (kg) 29.80+4.34 33.42+6.57 0.09  48.79+8.23 47.09+9.42 0.56
BMI (kg.m?)  15.25£1.63 16.87+2.22 0.03  17.78+1.95 18.40+2.75 0.66
SH (cm) 73.13£2.70 73.93+£3.10 0.45  82.75+4.62 83.10+1.91 0.97
LL (cm) 63.07+4.29 63.00+5.44 0.97  77.40+8.64 71.95+7.09 0.13

Legend: MO= Maturity off set; BM= body mass; BMI= body mass index, SH=sitting height, LL: leg length

The significant difference in BMI between highly trained and recreationally trained

players was ignored because the effect size was trivial (d=0.09) and the BMI values
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for both groups were within the normal range corresponding to the population to
which they belong (Neyzi et al., 2015).

Table 3
Physical Activity Levels Before and During Lockdown Period
Physical Training Before lockdown (MET- During lockdown (MET- Change
activity status min/week)? min/week)? (%)
Vigorous HT (n=27)  2469.1 (2286.4-2649.9) 281.5 (233.1-329.9) -88.6*
RT (N=25)  1008.0 (913.6-1102.3) 19.2 (-8.23-46.6) -98.1*
Moderate HT (n=27)  2256.3(2009.7-2502.9) 300.7 (240.8-360.7) -86.7*
RT (N=25)  1694.4 (1567.6-1821.1) 91.2 (63.4-119.0) -94.6*
Walking HT (n=27) 3773.0(3419.8-4126.2) 699.7 (592.1-807.3) -81.4*
RT (N=25) 3557.4 (3431.3-3683.5) 679.1 (552.3-806.0) -80.9*
Total HT (n=27)  8497.4 (8025.1-8969.1) 1281.9 (1145.2-1418.7) -84.9*
RT (N=25)  6259.8 (6063.9-6455.7) 789.5 (653.3-925.8) -87.3*

Legend: HT= Previously Highly trained participants, RT= Previously recreationally trained participants, 2=

Expressed in Mean (95% Confidence Interval), * = p<0.001-Wilcoxon Signed Rank test
About 85% of physical activity was decreased in participants during the lockdown
period when compared to before the lockdown values (Table 1). Since the
questionnaires did not contain any personal information and the maturity groups of
the participants were only determined after the survey applications, the
categorization was only done according to the training status (as highly trained and
recreationally trained individuals), whereas a classification according to the
maturity level was not possible.

4.2. Changes in Physical Fitness Parameters

Instead of mean differences, percent changes were reported to provide an initial
assessment of the components that stood out by the magnitude of change. In addition
to percent changes, P and F values, confidence intervals, and effect sizes (Cohen's

d) were also provided to allow more informative interpretations.
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Table 4
Changes in the Selected Physical Fitness Variables of Highly Trained Soccer
Players at Pre-PHV

Variables Pre Post A (%) Cl (%95) F p ES
HG (kg) 15.85+3.37 16.35+3.48 3.18 -025t01.26 2.04 017 0.12
RHG (kg/BMI) 1.04+0.20 0.96+0.23 -7.69 -0.14 t0 0.02 7.16 0.02 0.32
RSI (mm/ms) 0.95+0.24 0.81+0.24 -1481 -0.18t0-0.11 788 0.00 0.84
10m(s) 2.44+0.13 2.53+0.17 3.68 0.04t00.13 14.00 0.00 0.48
20m(s) 3.74+0.20 3.82+0.24 2.13 0.03t00.14 9.39 0.01 0.39
DJ (cm) 20.62+3.12 20.79+3.68 0.85 -1.56 t0 1.91 0.46 0.83 0.00
CMJ (cm) 24.794+4.02 23.66+4.55 -4.5 -2.44 10 0.17 3.42 0.08 0.19
SJ (cm) 19.98+2.63 20.27+3.06 1.47 -0.43 t0 1.02 0.74 0.40 0.05
SLJ (cm) 151.50+18.24  147.37+16.08 -2.72 0.30t0 7.95 5.29 0.04 0.26
ZAWHB (s) 7.90+0.50 7.99+0.46 1.13 0.00to 0.17 4.60 0.05 0.23
ZAWSB (s) 9.54+0.81 10.11+£0.86 5.97 0.43t00.72 69.26 0.00 0.82
Y Balance (cm) 67.87£5.11 66.67+4.67 -1.16 -2.7410 0.34 2.78 0.12 0.16

N-Y Balance (%) 107.81£7.32 103.924+6.63 -3.61 -5.5910 2.19 23.7 0.00 0.61
Legends: A= percentile change; CI= confident intervals; ES= Effect size; HG= Handgrip strength; RHG=
Relative handgrip strength; RSI= Reactive Strength Index; 10m= 10m acceleration time; 20m= 20m
running velocity; DJ= Drop jump; CMJ= Countermovement Jump; SJ= Squat Jump; SLJ= standing long
jump; ZAWHB= zigzag ability without the ball; ZAWB= zigzag ability with the ball; CS-Y Balance=
composite score of Y-balance; N-Y Balance= normalized values of Y-balance

In the highly trained pre- PHV group, there were significant decreases in performance
in RHG, RSI, 10m, 20m, SLJ, ZAWB, and N-Y Balance, ranging from small to large,
and a tendency for a significant loss in performance in "ZAWHB" (F= 4.60, p= 0.051).
The changes in HG, DJ, CMJ, SJ, and CS -Y balance was not significant (p > 0.05).
While the large effects were observed in RSI and ZAWB, only moderate change was
observed in N-Y balance (ES = 0.61 [-5.59-2.19], F = 23.70 [p =0.001]). The ES for
other significant changes (RHG, 10m, 20m, and SLJ) were low.

Table 5
Changes in the Selected Physical Fitness Variables of Recreationally Trained
Soccer Players at Pre-PHV

Variables Pre Post A (%) Cl (%95) F p ES
HG (kg) 16.13+£2.52 16.95+3.39 0.51 -0.48101.68 4.10 0.06 0.23
RHG (kg/BMI) 0.96+0.19 0.88+0.21 -8.33 -0.14t0-0.03 1094 0.01 044
RSI (mm/ms) 0.62+0.20 0.57+0.18 -8.06 -0.10t0-0.00  5.49 0.03 0.28
10m (s) 2.71+0.25 2.78+0.27 2.58 -0.01t0 0.15 3.60 0.07 0.20
20m(s) 4.09+0.38 4.15+0.41 1.46 -0.03 t0 0.15 2.15 0.17 0.13
DJ (cm) 17.67+4.23 18.33+£3.97 3.74 -0.05t01.37 4.02 0.07 0.22
CMJ (cm) 20.90£5.60 21.014£5.90 0.05 -0.55t0 0.77 0.12 0.73 0.01
SJ (cm) 16.71+3.06 16.63£3.15 0.05 -0.09 to 0.07 0.56 0.82 0.00
SLJ (cm) 136.60+£19.72  135.67£19.82  -0.68 -7.25105.38 0.10 0.76 0.01
ZAWHB (s) 8.69+0.52 8.84+0.69 1.72 0.22t0 0.28 6.20 0.03 031
ZAWSB (s) 10.75+1.21 11.44+1.28 6.42 0.51t0 0.88 66.68 0.00 0.83

Y Balance (cm) 62.69+6.93 62.96+6.95 0.43 -0.46 to 1.00 0.61 045 0.04
N-Y Balance (%) 99.67+£9.10 97.24+8.45 244 -3.5910 -1.26 19.9 0.00 0.59
Legends: Legends: A= percentile change; CI= confident intervals, ES= Effect size; HG= Handgrip
strength; RHG= Relative handgrip strength; RSI= Reactive Strength Index; 10m= 10m acceleration time;
20m= 20m running velocity; DJ= Drop jump; CMJ= Countermovement Jump; SJ= Squat Jump; SLJ=
standing long jump; ZAWHB= zigzag ability without the ball; ZAWB= zigzag ability with the ball; Y-
Balance= composite score of Y-balance; N-Y Balance= normalized values of Y-balance
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With the exception of acceleration and maximal running speed (10m and 20 m runs),
the parameters with significant impairments (RHG, RSI, SLJ, ZAWB, ZAWHB,
and N-Y balance) and nonsignificant changes (HG, DJ, CMJ, SJ, and CS -Y
balance) in the pre-PHV recreationally trained players were almost identical to those
in the pre-PHV highly trained players. Differently, the effect size for the decrease
in RSI in the pre-PHV recreationally trained players was small (d=0.28), whereas
the effect in the pre-PHV highly trained players was large (d=0.84). While a large
effect was found only for ZAWB impairments, the moderate effect was only for N-
Y balance decrease, and for all other variables where significant impairments were

found, the effect size was small in pre-PHV recreationally trained players.

Table 6
Changes in the Selected Physical Fitness Variables of Highly Trained Soccer
Players at Mid-PHV

Variables Pre Post A (%) Cl (%95) F p ES
HG (kg) 28.16+£7.27 26.994+4.97 -4.15 -3.40 to 1.07 1.35 0.27 0.12
RHG (kg/BMI) 1.59+0.45 1.42+0.31 -11.19 -0.31t0 0.05 9.81 0.01 0.50
RSI (mm/ms) 1.15+0.06 1.00+0.05 -15.01 -0.22 t0 0.08 25.55 0.00 0.72
10m (s) 2.17+0.13 2.29+0.15 5.53 0.08100.16 42.73 0.00 0.81
20m(s) 3.27+0.13 3.45+0.15 5.50 0.12t0 0.23 47.55 0.00 0.83
DJ (cm) 26.80+5.14 24.7244.56 -7.76 -410t0-0.07  5.30 0.04 035
CMJ (cm) 31.75+5.17 29.7444.94 -6.33 -4.05 t0 0.03 4.85 005 0.33
SJ (cm) 25.7143.34 23.7743.43 -7.62 -3.39t0 -0.48 8.79 0.01 0.47
SLJ (cm) 184.36+14.88 177.09+12.23 -3.96 -10.95t0-3.59 1938 0.00 0.66
ZAWHB (s) 6.94 +0.63 7.35+0.55 5.91 0.17 to 0.65 14.27 0.00 0.59
ZAWSB (s) 8.35+0.97 9.23+1.25 10.53 0.67 to 1.09 85.90 0.00 0.90

Y Balance (cm)  83.67+8.41 83.48+7.91 -0.02 -1.321t0 0.95 0.13 072 0.01
N-Y Balance 108.63+£9.96  104.63+8.44  -3.68 -5.44 10 -2.46 3352 000 0.77
(%)

Legends: Legends: A= percentile change; CI= confident intervals;, ES= Effect size; HG= Handgrip
strength; RHG= Relative handgrip strength; RSI= Reactive Strength Index; 10m= 10m acceleration time;
20m= 20m running velocity; DJ= Drop jump; CMJ= Countermovement Jump; SJ= Squat Jump; SLJ=
standing long jump; ZAWHB= zigzag ability without the ball; ZAWB= zigzag ability with the ball;Y
Balance= composite scores of Y-balance; N-Y Balance= normalized values of Y-balance

Significant impairments were observed in all musculoskeletal and motor fitness
variables in mid-PHV-highly trained soccer players (except for CS -Y balance and
HG). Impairments for ZAWB, 10m acceleration, and 20m maximal running velocity
had large effects, small effects for vertical jump heights (DJ, CMJ, and SJ), and
moderate effects for other significant parameters (RHG, RSI, SLJ, ZAWHB, and N-

Y balance.
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Table 7
Changes in the Selected Physical Fitness Variables of Recreationally Trained
Soccer Players at Mid-PHV

Variables Pre Post A (%) Cl (%95) F p ES
HG (kg) 22.66+4.81 23.23+4.94 2.52 0.11to0 1.03 7.73 0.02 0.46
RHG (kg/BMI) 1.24+0.24 1.16 £0.24 -6.45 -0.12t0-0.03 17.08 0.00 0.66
RSI (mm/ms) 0.75+0.20 0.62+0.20 -17.30 -0.21t0-0.04 1186 0.01 0.57
10m (s) 2.49+0.13 2.52+0.14 1.20 -0.01 to 0.07 3.92 0.08 0.30
20m(s) 3.78+0.21 3.80+0.23 0.53 -0.05 t0 0.09 0.40 0.54 0.04
DJ (cm) 20.73+4.53 20.57+5.10 -0.77 -1.27 t0 0.95 0.10 0.75 0.01
CMJ (cm) 24.68+5.12 23.90+5.29 -3.16 -2.42 10 0.87 1.15 031 0.11
SJ (cm) 20.59+4.00 19.42+3.75 -5.68 -294t00.60 225 0.17 0.20
SLJ (cm) 159.20£16.60 159.10+£19.76  -0.04 -4.01t04.21 0.00 0.96 0.00
ZAWHB (s) 8.15+0.55 8.41+0.39 3.19 0.08 to 0.44 1058 0.01 0.54
ZAWSB (s) 10.12+0.45 11.19+0.47 10.57 0.77 to 1.37 65.03 0.00 0.88
Y Balance (cm) 70.60+6.20 69.53+5.81 -1.52 -4.36 t0 2.23 0.54 0.48 0.06
N-Y Balance (%) 98.37+6.04 96.08+6.61 -2.32 -4.14t0-0.44 7.82 0.02 0.50

Legends: A= Legends: A= percentile change; CI= confident intervals; ES= Effect size;, HG= Handgrip
strength; RHG= Relative handgrip strength; RSI= Reactive Strength Index; 10m= 10m acceleration time;
20m= 20m running velocity; DJ= Drop jump; CMJ= Countermovement Jump; SJ= Squat Jump; SLJ=
standing long jump; ZAWHB= zigzag ability without the ball; ZAWB= zigzag ability with the ball;Y
Balance= composite scores of Y-balance; N-Y Balance= normalized values of Y-balance
The changes in the two running tests (10m acceleration and 20m running velocity)
and the three vertical jump performances were not significant (p > 0.05). Regarding
handgrip strength, there was a positive significant effect with a small effect size (<
0.50) for the absolute values, while there was a significant decrease with a medium
effect for the relative values. The adverse effects for RSI and ZAWHB were

moderate, and a large effect was found only for ZAWB (> 0.80).

4.3. Comparisons of the Changes in Physical Fitness Parameters

In addition to within-group analysis, comparisons of the changes (between-group
differences) were also performed for each dependent variable. P-values are
presented for 3-way and 2-way interaction effects and for the main effects in table
9.
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Table 8
P-Values for Interactions and Main Effects

Time X Time x Timex  Maturity Time  Training Maturity

training training maturit X status status

status x status y training

maturity status
HG (kgf) 0.197 0.067 0.086 0.039 0.509 0.087 0.001
RHG(kg/BMI) 0.128 0.180 0.212 0.128 0.001 0.010 0.001
RSI (mm/ms) 0.168 0.033 0.094 0.325 0.001  0.001 0.015
10m (s) 0.212 0.083 0.974 0.909 0.001  0.001 0.001
20m(s) 0.060 0.012 0.470 0.543 0.001  0.001 0.001
DJ (cm) 0.309 0.091 0.033 0.297 0.319  0.001 0.001
CMJ (cm) 0.996 0.061 0.177 0.262 0.005 0.001 0.001
SJ (cm) 0.269 0.708 0.002 0.471 0.007  0.001 0.001
SLJ (cm) 0.392 0.029 0.618 0.395 0.010  0.001 0.001
ZAWHB (s) 0.144 0.569 0.004 0.291 0.001  0.001 0.001
ZAWSB (s) 0.723 0.108 0.001 0.282 0.001  0.001 0.010
CS-Y Balance  0.140 0.710 0.840 0.015 0.170  0.001 0.001
N-Y Balance 0.869 0.037 0.988 0.655 0.001  0.001 0.919

Legend: HG= Handgrip Strength, R-HG= Relative Handgrip Strength, 10m= Acceleration 20m= Running
velocity, SLJ=Standing long jump, DJ=Drop jump, RSI= Reactive Strength Index, SJ= Squat Jump, CMJ=
Countermovement Jump, ZAWB= Zigzag agility with the ball, ZAWHB= Zigzag agility without the ball

The main time effects were significant for the all-selected physical fitness variables,
except for HG, DJ, and CS -Y balance. The other main effects for maturity and
training status were also significant, except for HG for training status and N-Y
balance for maturity. With the exception of N-Y balance, mid-PHV players
performed better than pre-PHV players on all selected physical fitness variables.
Similarly, highly trained athletes performed better on all physical performance

variables except HG.

Although a trend was noted for the "time x Training status x maturity" interaction
for 20m running speed (p = 0.060), analyses revealed no significant 3-way
interaction effect (time-by-training status-by maturity) for any physical fitness
variable. However, it should also be noted that a dramatic decrease in this
performance was observed only in the mid-PHV highly trained group with a large
effect (d > 0.80).

A significant interaction effect "time x training status" was found for 20m (d=0.12),
RSI (d=0.11), SLJ (d=0.08) and N-Y balance (d=0.09), and a tendency for
significance for CMJ and HG. As can be seen in Tables 7-10, N-Y Balance values
decreased significantly in all groups. Although the impairments in both the highly

trained and recreationally trained cohorts had moderate effect size for N-Y balance
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(A -3.64%, p < 0.001, d=0.67 and A -2.39%, p < 0.001, d=0.53, respectively), the
highly trained cohorts had a greater reduction than the recreationally trained players
with a trivial effect size (d=0.09). While there were no significant changes in the
two recreationally trained groups, significant increases in 20m running time were
found in both highly trained groups. Whereas this detrimental effect on performance
was small in the pre-PHV trained group (d < 0.50), the effect was large in the highly
trained group (d > 0.80). And, the detrimental effect was significantly greater in
highly trained players than in recreationally trained players for 20m running

performance.

“Time x maturity” interactions for DJ (d=0.10), SJ (d=0.18), and both agility tests
(ZAWB (d=0.21) and ZAWHB (d=0.16)) were significant (p<0.05). As evident in
within-group analysis detailed in tables 7-10, significant changes in SJ and DJ were
reported only for highly trained mid-PHV soccer players. Regardless of maturation,
SJ change was not significant in the pre-PHV cohort (A 2.13%, p=0.36, d=0.03),
whereas a significant reduction was reported for the mid-PHV cohort (A-4.88%,
p=0.05, d=0.17). Similarly, the change in DJ was not significant in the pre-PHV
cohort (A0.06%, p=0.66, d=0.01), while a significant decrease was seen in the mid-
PHV cohort (A-6.75%, p=0.01, d=0.33). Regarding agility tests, ZAWHB time
increased significantly in both the pre-PHV and mid-PHV cohorts (p <0.01), but
impairments in mid-PHV players was greater than pre-PHV players. Moreover, the
effect size was moderate in the mid-PHV players (d=0.55) whereas small in the pre-
PHV (d=0.26). In the ZAWB time, significant decreases were reported for both
maturity level with large effect sizes (pre-PHV=0.82 mid-PHV cohorts = 0.88),
however impairment in mid-PHV cohort was greater than pre-PHV cohort with a
small effect (d=0.21).
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CHAPTER 5

DISCUSSION

The first hypothesis of the present study was that COVID -19 induced mobility
restrictions cause impairments in all components of physical fitness because they cause
both physical inactivity and detraining state. The results of the study supported this
hypothesis, with significant main time effects found for each physical fitness
component. Second, the adverse effects related to the skill-related components were
also expected to vary with the maturity or training status of the selected population.
Before discussing these important findings showing that both moderators may play a
role in the changes in physical fitness induced by detraining in children, it is necessary
to understand the framework of COVID -19 induced mobility restrictions that may
explain the effects on physical activity and detraining conditions. The study research
questions were based on the effects of COVID -19 induced mobility restrictions that
form the basis of physical activity levels and detraining conditions in the literature (see
Section 2.1.1.), and these effects were withheld in the first part of the discussion section
to provide informative background. Next, the main findings of the current study that
some aspects of musculoskeletal or motor fitness are impaired in response to COVID -
19 lockdown are contextualized with the literature. In keeping with secondary research
questions of the study created on the basis of the changes in physical fitness after a
detraining period may vary depending on the several factors such as the duration of the
period (short or long term detraining), level of detraining (partial detraining -
insufficient training or complete detraining), training status (sporting level or fitness
level), gender, age and maturity level (Bosquet et al., 2013; Joo, 2018; Mujika &
Padilla, 2000), the covariance effects of maturity and training status are separately
placed in the context of the literature as selected moderators of the study. To the best of
the author's knowledge, there is no study that examines a comparison of the effects of

these two moderators on detraining induced physical attributes. Most of these studies
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conducted generally controlled for training status- that is, they created the same
populations on this factor and examined the effects of detraining on physical fitness
according to the maturation factor. Changes in physical fitness brought on by detraining
are explained as the result of physiological adaptations such as a training-induced
change. To better understand the physiological mechanisms underlying the changes in
physical fitness caused by maturity or training status, this section also considers the
literature on exercise-induced physiological changes. Thus, it is believed that the results
of a limited number of studies examining detraining-induced changes in physical fitness
as a function of maturity or training state can be supported. Finally, it was deemed
necessary to discuss the methods of the study, as it included several unique
interventions. The limitations of maturity assessments reported in previous studies, the
methods used to determine training status in the current, and the rationale for measuring

physical activity levels are discussed.

Although COVID -19 induced mobility restriction was defined as the independent
variable of this study, it can be considered when establishing a cause-effect relationship,
as the impact of physical inactivity and detraining conditions caused by these
restrictions on physical fitness. In this context, it was considered that the relationships
between mobility restrictions and physical inactivity and detraining should be explained

before discussing the study findings.

In this study, the physical activity levels of the participants were revealed by surveyed
before and after COVID-19 lockdown. In this study, participants' physical activity
levels were assessed before and after blocking COVID -19. The necessity of this
application can be questioned, but one could assume that a design that does not include
an intervention related to physical activity, i.e., that assumes that all participants are
physically inactive, can bring about some limitations such as ignoring participants who
succeed to stay physically active during the lockdown. Indeed, studies from different
countries have shown that COVID -19 induced mobility limitations reduced physical
activity levels, and it could be assumed that there were similar effects because similar
limitations were applied in the country where the current study was conducted (Turkey).

However, it was also assumed that the disclosure of physical activity level may help to
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find out some exceptional situations, such as players who had remained physically

active in different ways to stop participating.

Apart from the assessment that the effects of COVID -19 induced mobility limitations
on physical inactivity, some studies have clearly demonstrated this. Castafieda-
Babarro, Arbillaga-Etxarri, Gutiérrez-Santamaria, & Coca, (2020) reported that the
mobility restrictions caused by COVID -19 negatively affect the sedentary time of
people of all ages in Spain. Maugeri et al., (2020) showed that the outbreak of COVID
-19in Italy led to a decline in physical activity in all age groups. Similarly, Tornaghi et
al., (2020) revealed declining physical activity levels due to the outbreak of COVID -
19 in the inactive or moderately active young population in Italy. Lesser & Nienhuis,
(2020) reported that physically active and inactive Canadians were differentially
affected by public health interventions, including mobility restrictions. Tison et al.,
(2020) showed that during the pandemic COVID -19, there was a rapid decline in step
counts worldwide, with regional variability. From these studies, COVID -19 induced
mobility limitations lead to physical inactivity. However, it was predicted that some of
these athletes from the current study would have high levels of physical activity that
could play a protective role in physical fitness by performing various exercises to
protect their performance during lockdown despite the obstacles of the COVID -19
process. The physical activity level questionnaire was used in this direction, although it
contains some limitations (see Section 5.3.2). According to the results of this

questionnaire, only those who remained physically inactive were included in the study.

Since the mobility limitations that are the independent variable of this study can actually
be indirectly explained by the effects of physical inactivity, the decline in the level of
physical activity was the first to be noted in the study. Moreover, this is an issue that
needs to be taken more seriously in the context of detraining syndrome in athletes.
While aborted sports competitions and training sessions put athletes into the detraining
process that leads to severe performance losses, the physical inactivity of this process
can make these losses even more dramatic. An important question when evaluating the
effects of detraining on physical fitness is the level of physical activity maintained by
athletes during this period. With concerning these specific conditions, it can be said that

this pandemic is causing mobility restrictions, which include the prohibition of athletic
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activities, leading to the detraining syndrome often studied in the literature.
Notwithstanding, it appears that existing scenarios of detraining, which can be also
described as reasons for detraining syndrome such as illness, injury, travel, loss of
motivation, or postseason break in competitive athletes, do not completely describe the
unprecedented conditions of COVID-19. Since players had to stay home, there may be
different psychological consequences during a pandemic compared to a normal
vacation (i.e., the stressful time versus the leisure period), in addition to the physical
impairments. Furthermore, COVID -19 induced mobility restrictions had been longer
than a typical traditional offseason, and the requirement to stay home precludes players
from particularly sport-specific training such as playing soccer. Furthermore, in this
study, it is difficult to define the level of detraining caused by these COVID -19 induced
mobility impairments. Although it could be incorrect to consider this detraining
condition as a complete classification as totally inactive (bedridden patient), a
classification beyond the partial detraining assessment was needed because they had the
worst physical inactivity levels than usual (Table 2.). The cessation of all sports
activities and even the imposition of curfews prevented the athletes from performing
individual exercises in addition to their regular training and did not allow any exercise
routine other than exercises at home. These home-based exercises during this period
can be beneficial to avoid physical fitness decreases in part because of maintaining
physical activity levels in the period before COVID -19 (Bosquet et al., 2013;
Chaabene, Prieske, Herz, Moran, Hohne, Kliegl, Ramirez-Campillo, Behm,
Hortobagyi, et al., 2021; A. Hammami et al., 2020; Sarto et al., 2020; Villaseca-Vicuna
et al., 2021). Losses in athletic performance would be unavoidable, however, because
these exercises do not contain sufficient training stimulus (Bosquet et al., 2013; Mujika
& Padilla, 2000). Furthermore, it would not be possible to assume the required
performance increases in young athletes who have the goal of reaching the elite level if
they have such insufficient training time. Because the performance development of
athletes depends on high-intensity activities that fully meet their sport-specific
performance requirements (McArdle et al., 2010). The last point to consider is the
content and applicability of home-based training. The scientific studies that address this
issue showhat home exercise programs generally include exercises with strength
content (Chaabene, Prieske, Herz, Moran, Hohne, Kliegl, Ramirez-Campillo, Behm,

Hortobagyi, et al., 2021; A. Hammami et al., 2020). In the home environment, there are
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many limitations when it comes to training flexibility, balance, and other sport-specific
skills that can be performed outside of the strength domain. For the first phases of the
COVID -19 period, when the severity is not fully understood and no explanatory
information can be given, even the efficiency of home exercises should be questioned,
because the precautions are stringent (the masks are almost never removed) and the
psychological conditions are not suitable for sports in such panic and anxiety.
Participants who managed to exercise during the COVID-19 lockdown despite the
above obstacles were identified through a physical activity survey and a semi-structured

interview and were excluded from the study.

Regardless of the main research question of the study, more mature players showed
better performances in all skill-related physical fitness components (significant main
effect of maturity, p < 0.05), as expected before the study. Moreover, highly trained
players were better than recreationally trained players in all physical fitness
performances except for handgrip strength (a trend toward significance, p < 0.10).
Literature reports that mature young athletes perform better physically compared to
their less mature peers and that high level athletes perform better than lower-level
players (Buchheit & Mendez-Villanueva, 2014; Guimaraes et al., 2019; Lloyd et al.,
2014; Malina et al., 2004; Meyers, 2016; Moran et al., 2017; Patel et al., 2019;
Romero et al., 2021).

The main finding of the current study was that 27-week detraining due to COVID -19
mobility limitations negatively affected physical fitness in all young soccer players.
Although no significant main effect for time was found in drop jump heights, a
statistically significant decrease was reported in the reactive strength index obtained
with this drop jump performance. And it is reasonable to consider the 27-week changes
in dynamic balance values as normalized values that show significant decreases, rather
than composite values that are not significant. Similarly, adverse effects on handgrip
strength were observed by decreasing relative handgrip strength normalized with BMI
values, although it was not significant for absolute values. An interesting finding of the
current study is the significant or trended increase in handgrip strength in terms of
absolute values in both recreationally trained groups (pre-PHV and mid-PHV).

Considering this result along with the finding of a trended interaction of time X training
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condition (p=0.67) in the study, this indicates that the contribution of physical
development to handgrip strength may be identical to the contribution of soccer-specific
training at the recreational level over 27 weeks. Since this is a finding outside of the
research question, the literature on this topic was not discussed. Nevertheless, the non-
significant training status-related differences in hand strength in terms of absolute
values (p=0.067 for training status x time) in the study are not as meaningful as the
relative values which had significant differences in this finding, as they were obtained
by completely neglecting the weight differences.

With conclusions showing relative handgrip strength differences in mind, it would not
be incorrect to say for current study findings that muscular strength which is a important
component of physical fitness declined when considering the growth-related strength
increases. In fact, it was predicted that growth-related physical developments might
limit some performance losses, it was also expected that detraining, where significant
performance losses can be seen even in a few weeks (McArdle et al., 2010), would
result in much more dramatic losses over such a long-term period of detraining (27-
week) than the reported rates. However, there are several studies suggesting that
growth-related physical development may play a confounding role in adaptation and
may reduce the decline in strength after a period of training cessation (Bosquet et al.,
2013; Meylan et al., 2014). Indeed, there were some other signs in the results of the
current study that show the contribution of physical development to performance-
related physical fitness. For example, the values of dynamic balance did not change
when the composite values were considered, but significant decreases were found in the
normalized values. This finding, which shows that the values of Y- balance obtained in
the last tests are almost equal to those obtained in the first tests, despite an advantage
due to the increase in leg length, explains that dynamic balance actually deteriorated
relatively. On the other hand, there are some studies that show that some performance
can be maintained after long-term detraining (Kubo et al., 2010; Santos & Janeira,
2009b).

Kubo et al., (2010) showed that strength gains after three months of strength training
were maintained even after two months of detraining. In their study, the retention of

strength losses is explained by different physiological adaptations, as it could not be
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possible to mention growth-related physical performance increases due to the ages of
the participants (non-adolescent subjects). In addition to unchanged strength and power
performances, the neuronal activation levels did also not change, but muscle atrophy
occurred. The results of that study show that in this regard, neural physical adaptations
are more effective than hypertrophic adaptations in maintaining detraining-induced
fitness performance. with concerning those results, it can be assumed that the
detraining-induced performance decrements in the participants of the current study can
be considered as the expected level since the subjects that make up the study population
are in puberty (puberty related developments in the neural system). This view can be
supported by the study conducted by Santos & Janeira (2009b), which showed strength
and strength gains can be maintained even up to 16 weeks in athlete adolescents. Similar
to the current study findings, Spyrou et al., (2021) reported that the 70 days of COVID-
19 induced reduced training did not show a significant change in vertical jump height

and horizontal jump distances.

In fact, it is also reasonable to think that strength gains can occur following short periods
of detraining after a period of training with high-intensity activities (McArdle et al.,
2010), as this allows for full recovery (supercompensation effect). At this point, there
may have been some increase in performance after the first measurements in the study,
where participants continued their regular training, which may have compensated for
some of the decrease in performance caused by detraining that was observed in the
second measurements. Moreover, it may be legitimate to consider the effect sizes for
some physical fitness variables to be dramatic, considering that they would have been
exempt from training-induced performance gains because they had not exercised
regularly during this period, which can be considered to be 27 weeks long. In these age
groups, severe increases in athletic performance can be expected in a short period of 4
weeks with regular complex training (Freitas et al., 2017). In addition to this situation,
it should be taken into account that the highly trained athletes in the current study had
performed high-intensity specialized training to increase their sprinting and agility
performance on certain days of the week before the COVID-19 lockdown. On the other
hand, statistically significant improvements in children's sprint and agility performance
can be expected both before and during PHV, even over an 8-week period (Moran et
al., 2018). Based on this information, it can be predicted that the participants would
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have achieved a 5-15% improvement in their athletic performance if they had not
imposed COVID -19 induced detraining and had continued their regular training for 27
weeks. Considering this fact that the participants were exempt from this expected
training-induced performance development after such a long period of time and are not

even able to maintain their performance level, impairs can be evaluated as dramatic.

The other main objective of the current study was to investigate the extent to which
maturation and training status influence detraining-induced changes in physical fitness
in young soccer players. In addition to grouping these factors separately, grouping
together by utilizing a 3-way repeated measure design. Although Mid- PHV-highly
trained group is the only one in which significant decreases were observed for each
component of physical fitness (Table 9), the statistical analysis failed to detect a 3-way
interaction for any variable, meaning that it cannot express that decreases in physical
fitness are greater in Mid-PHV-highly trained soccer players than in mid- PHV
recreational training soccer players or any pre-PHV soccer players at both training
status. However, also considering the fact that the highest effect sizes are also reported
in this group, except for two parameters (RSl and RHG), it is difficult to clearly express
that the deteriorations in physical fitness in mid-PHV highly trained players are similar

to those in other players (Table 9).

Table 9
Delta Values and Effect Sizes for Significant Parameters

Highly trained Recreationally

cohort trained cohort

Pre-PHV Mid- PHV Pre-PHV Mid- PHV
HG (kg) - - - A 2.52% (0.46)
RHG (kg/BMI) A-7.69% (0.32) A-11.19% (0.50) A-7.69% (0.44) A -6.45 (0.66)
RSI (mm/ms) A-14.81% (0.84) A-15.01% (0.72) A-14.81% (0.28) A -17.30 (0.57)
10m(s) A3.68% (0.48) A5.53% (0.81) A3.68 % (0.20)
20m(s) A2.13% (0.39) A5.50% (0.83) -
DJ (cm) - A-7.76% (0.35)
CMJ (cm) A-6.33% (0.33)
SJ (cm) - A-7.62% (0.47)
SLJ (cm) A-2.72% (0.26) A-3.96% (0.66) - -
ZAWHB (s) A1.13% (0.23) A5.91% (0.59) A1.13% (0.31) A3.19 (0.54)
ZAWSB (s) A5.97 % (0.82) A10.53% (0.90) A5.97% (0.83) A10.57 (0.88)
Y Balance - - - -
N-Y Balance A-3.61% (0.61) A-3.68% (0.77) A-3.61% (0.59) A-2.32 (0.50)

Legend: HG= Handgrip Strength, R-HG= Relative Handgrip Strength, 10m= Acceleration 20m= Running
velocity, SLJ=Standing long jump, DJ=Drop jump, RSI= Reactive Strength Index, SJ= Squat Jump, CMJ=
Countermovement Jump, ZAWB= Zigzag agility with the ball, ZAWHB= Zigzag agility without the ball
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The absolute value of handgrip strength and the composite values of Y-balance are
strongly growth-dependent (positive effects of body mass on handgrip strength, and
positive effects of leg length on Y-balance), so these variables cannot represent
changes in physical fitness as well as the relative values of handgrip strength or the
normalized values of Y-balance. In relation to this, it can be concluded that the group
with high trained and medium PHV was the only group in which a significant

decrease in all components of physical fitness was observed.

Significant 2-way interactions with respect to time x maturity and time x training
status were also reported for some variables in this study. While maturity-related
differences were observed in changes in drop-jump and squat jump heights and
agility times (with and without ball), training status-related differences were also
observed in changes in reactive strength index, 20-m running velocity, standing long
jump, and dynamic balance (Y-balance). Because there is no physical fitness
variable for which a significant interaction for either time x maturity and time x
training status has been observed, and 3-way interactions are meaningless for all
dependent variables, the literature on the effect of maturity or training status on

detraining-induced changes in physical fitness is discussed separately.

The different significances and effect sizes in the variables of 10m acceleration and
20m running velocity in the study results should not be considered contradictory
results, assuming that these two performances are in similar form. Previous studies
have shown that there are some differences between 10m acceleration and 20m
running velocity with respect to acute physiological responses(Lloyd et al., 2016).
While 10m acceleration performance is indicative of slower stretch-shortening cycle
activity (Bret et al., 2002), 20m maximal running velocity typically utilizes faster-
stretch-shortening cycle actions (Lloyd et al., 2011). Bret et al., (2002) found that
leg stiffness plays a key role in the second phase of maximal running performance
and that jumping performance, termed “explosive strength,” is more related to the
acceleration phase than running performance over longer distances. Based on this
information, one might also expect from the results of the current study that changes
in 10m acceleration would resemble jumping performance, while changes in 20m

running performance would resemble the reactive strength index (Lloyd et al.,
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2016). However, it cannot be said that the results of the study exactly match this
expectation. A significant difference in jumping performance was found only in the
highly trained mid-PHV group, whereas changes in 10m acceleration performance
were significant in all groups except the recreationally trained mid-PHV group. In
addition, significant changes in jumping performance were found in the highly
trained Mid-PHV group. While the effect sizes were small, the significant changes
in 10m acceleration performance were large. However, it should not be ignored that
the main time effects were as significant as the changes in 10m acceleration
performance for squat jump and countermovement jump performances. The 20m
running speed and reactive strength index, which have similar physical

characteristics, also showed significant time effects.

5.1. Effects of Training Status on Detraining-Induced Physical Fitness

Adaptations

In the study, it was found that performance decrements in Reactive strength index,
20m running speed, standing long jump and normalized Y-Balance were higher in
highly trained players than in recreational players after COVID -19 induced mobility
restrictions. On the other hand, there is no variable for which performance
impairments are greater in recreational athletes compared to highly trained athletes.
Furthermore, effect sizes were more remarkable in highly trained players compared
to recreationally trained players for all variables. With respect to these results,
although it cannot be said that physical fitness losses are higher in highly trained
athletes than in recreational athletes, it can be claimed that highly trained athletes
may have been more affected by musculoskeletal attrition because the variables for
which a significant time x training status-interaction was found were high-intensity
performances requiring explosive power. It can also be supported by the literature
that detraining-induced musculoskeletal performance losses in highly trained
athletes can be higher than in recreationally trained athletes. Previous studies have
shown that in contrast to reduced physical fitness after a short-term training
cessation in elite athletes, these effects are controversial in recreationally trained or
the untrained athletes (lzquierdo et al., 2007; Koundourakis et al., 2014; Mujika &

Padilla, 2000). Indeed, this training status-related differences in the decline of
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physical performance can be explained more clearly by training- or detrained
induced physiological alterations. Evidence from physiological studies on this topic
has shown that the morphological changes in highly trained (elite) athletes are more
dramatic than in their less trained counterparts. For instance, muscle atrophy, which
causes a decrease in muscular strength, is more accelerated in elite athletes after a
detraining period (M. P. Miles et al., 2005). Regarding cardiorespiratory
adaptations, detraining in highly trained athletes is also characterized by a rapid
decrease in maximal oxygen uptake (VO2max) and blood volume (Mujika &
Padilla, 2000).

In the light of the above information, differential physiological adaptations
following a period of detraining depending on the training status, and the studies
reporting differential rates of performance decline following a period of detraining
depending on training status, it is reasonable to assume that components of physical
fitness disappear more rapidly in highly trained individuals than in recreationally
trained individuals. McArdle et al., (2010) emphasized this fact by stating that in
highly trained athletes, even the positive effects of many years of training are
temporary and reversible. Considering that highly trained athletes have no privilege
in terms of detraining-induced physical performance losses, they may fall to the
same level as less trained counterparts at a given time; it is evident that the amount
of detraining-induced total performance losses is higher for them because their pre-
detraining performances are higher. In line with this assertion, the present study
reported larger decreases in drop jump, squat jump, and agility (with and without
the ball) in highly trained soccer players when compared with recreational players.
Surprisingly, we found no training status-related differences for other
musculoskeletal or motor fitness components. Since no component of physical
fitness of selected parameters showed that recreational athletes had greater
performance losses, it can be said that the results of the current study support the
hypothesis that physical fitness losses are greater in highly trained individuals than

in recreational athletes.
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5.2. Effects of Maturity Status on Detraining-Induced Physical Fitness
Adaptations

The findings of the current study demonstrated that physical fitness changes in some
aspects may be induced by a natural development, which is dependent on maturity
status. The current study findings reported that the mid-PHV cohort had greater loss
of drop jump, squat jump, and agility (with and without ball) performances than the
pre-PHV cohort after the 27-week detraining period, with non-significant 2-way
interactions for time x maturity were reported for other variables. Regarding the
differences between maturity status in the changes in physical fitness caused by
detraining, it was expected that the impairment of physical fitness would be more
tolerable in the players at mid-PHV because during this period physical
development, which is an important contributor to strength and power, is
accelerated. Despite the fact that this opinion can be supported by some studies
(Meylan et al., 2014), mid-PHV players underwent greater detraining-induced
decays in force-dependent variables of physical fitness, including drop jump, squat
jump, and agility (with and without the ball), than pre-PHV players in the current
study. One reason for this discrepancy may be explained that greater neural
adaptation related to natural development, which may form physiological
advantages for maintaining strength performance, is observed during this period
compared to hormonal factors, compared to children in the middle of PHV (Lloyd
& Oliver, 2012). The nonsignificant differences in changes in handgrip strength
between pre-PHV and mid-PHV players, in contrast to the force-dependent
variables, may be attributed to adaptations dominating hormonal and hypertrophic
responses in the mid-PHV period (Lloyd & Oliver, 2012), and these adaptations
may have compensated for the decline in strength performance in mid-PHV players.
Meylan et al. (2014) examined the effect of maturation on adaptations to strength
training and detraining and reported more loss of strength and power in pre-PHV
children. However, their study addresses the detraining effect of different maturity
groups following the cessation of a strength training program, whereas the current

study does not include a training intervention.
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Moreover, the period of detraining in their study was relatively short (eight weeks)
compared to that of the current study. Indeed, this situation related to the duration
of detraining could explain these contradictory results. Bosquet et al., (2013)
showed that the changes in power induced by detraining may be similar in the initial
phases, while after 16 weeks of inactivity, dissociation occurred as maximum

strength continued to decrease while maximum power remained the same.

Since there are a limited number of studies on the physiological or performance
responses induced by detraining, no firm conclusions can be drawn. Nevertheless,
numerous studies on training-induced physiological or performance-related
adaptations can help make deductions by understanding different maturational
physiological adaptations in response to the same interventions. Based on the
evidence to date from the relevant literature on this topic, training-induced
performance gains appear to be greater in pre-PHV adolescents than in mid-PHV or
post-PHV adolescents (D. D. Cohen et al., 2020; Moran et al., 2017, 2018). This
difference in the rate of physical performance development may be attributed to
their age-related training background. In almost all the studies mentioned above, the
age of children before PHV is chronologically younger. Considering that the starting
ages for sport are similar, it is reasonable to assume that pre-PHV athletes have a
lower lifetime training volume than more mature athletes and are therefore still far
from their peak performance. In other words, it can be logical to expect pre-PHV
athletes who are most likely to not far their peak performance to show more rapid
improvement. This is because the training-induced physical performance increases
are rapid and extensive in the initial phase of training due to the greater contribution
of the nervous system, while they are limited in the later stages (McArdle et al.,
2010). Conversely, training-induced performance decrements can be expected to be
more limited in pre-PHV athletes, assuming that they are generally further from
peak performance, suggesting that training-induced physical performance increases
are larger in pre-PHV athletes. Although the subjects in the study were similar in
terms of training status, it was not known how far they are from their peak
performance which is a determinant for physical performance development rates.
The final and less likely reason why more declines in physical fitness are observed
in athletes in the mid-PHV is that developmental spurts are greater in this period
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than in the pre-PHV period (Malina et al., 2004), and the sudden anthropometric
developments associated with these developments may have led to dysfunction in
some motor fitness-related skills. Since the way in which the human body
physiologically adapted to rapid physical growth is a complicated issue that has not
yet been clearly clarified, it is challenging to make certain summary, detraining-
induced performance impairment in athletes with intermediate PHV might be higher
than in athletes before PHV in some aspects of performance-related physical fitness,
but there are insufficient studies to support these findings. In addition, among the
selected components of physical fitness, there were several variables that did not
show significant differences according to maturity level. Accelerated physical
development in the puberty phase can play a confounding role in physiological
adaptations triggered by detraining, which can lead to significant losses in physical

fitness.

5.3. Discussion of Methods

The assessment of maturity may have some drawbacks, such as the stages of
maturity, which may change with such an extended follow-up. In addition, although
the dependent variable of the study was COVID -19 induced mobility restriction,
the situations thought to underlie the adaptations in physical fitness that are the
dependent variable are physical inactivity and detraining situations. In this context,
since it would not be appropriate to evaluate those who are subject to mobility
restrictions and remain physically active and those who remain physically inactive
in the same sample, an intervention was applied to determine the level of physical
activity. In conclusion, the limitations of the method to verify the training status of
athletes should be addressed.

5.3.1. Maturity Assessment

The literature showing significant effects of maturity level on physical performances
in children of similar chronological age, and the literature reporting that changes in
these performances after a given training period may also vary according to maturity

level, indicate that studies aiming to investigate physical fitness in adolescents
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should consider the maturity factor in order to obtain comprehensive results.
Although it is well documented that maturation can refer to an adolescent as a subset
of individuals whose biological characteristics distinguish them from the broader
population of peers, the majority of previous studies have not applied an intervention
to this fact because of the difficulty of measurement and high cost (MRI or
radiographs of the human skeleton), and have considered it in the context of other
limitations such as genetic differences (uncontrollable variable). With the recent
emergence of maturity prediction equations based on anthropometric body
measurements, researchers are addressing the role of this critical moderator of
physical performance. The most widely used of these equations is the method
developed by Mirwald et al., (2002). Although this method has some limitations,
especially for samples covering a wide range of chronological ages, it is often
considered in the literature that a reliable, non-invasive, and practical solution for
measuring biological maturity is a more accurate method than completely ignoring
the maturation factor. In light of the literature mentioned above, the current study
aimed to reveal the effect of COVID-19 induced mobility restrictions on physical
fitness by considering this role of maturity. Instead of recommended PHV value
ranges, narrower ranges (pre-PHV =>-4.2 and <—1.5, mid-PHV =>-1.0 and<+0.6
years from PHV) were used for maturation classification to exclude data from
subjects who could be counted in both maturation periods due to long-term
detraining (subjects are assumed to be in the same maturation status throughout this
period). were utilized. There were 0.8 years between the most mature subject of the
pre-PHV groups and the least mature subject of the mid-PHV groups. The mean
chronological age of pre-PHV and mid-PHV soccer players in the current study
sample was similar to values in previous studies conducted with similar populations
(Figueiredo et al., 2009).

5.3.2. The Rationale of Measuring Physical Activity Level: Controlled
Detraining Level

Detraining level is a factor that is difficult to control in scientific studies aiming to
reveal the detraining-induced physiological or physical performance adaptations.

Most studies have considered this factor as a limitation rather than including it as a
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covariate. However, this moderator has a fairly determinant effect, and ignoring its
effect is an important limitation for studies that consider detraining as an
independent variable. The more difficult it is to ignore this moderator, the more
difficult it is to build a population or apply an intervention according to this
moderator. For example, it is likely to be very difficult to obtain a sufficient number
of samples when creating a research design that aims to examine injury-related
detraining effects while considering similar content and similar injury durations.
Alternatively, in studies designed to examine post-season performance losses,
because it will not be possible to force athletes to be inactive during the post-training
period, there will be differential performance losses due to individual training,
resulting in the effects of post-training not being fully captured. While high levels
of physical activity during retraining can partially reduce the performance losses
caused by retraining, complete inactivity (bedridden disability) can lead to dramatic
performance losses. Although this study was designed to examine the effects of
COVID -19 induced mobility impairments, it was considered inappropriate to
include in the same evaluation those who managed to remain physically active
during this period and those who were completely inactive or engaged in individual
training. In that sense, it was considered necessary to ensure homogeneity of
physical activity level for the period of this current unique detraining situation
(COVID -19 Detraining) and to check heterogeneity in relation to the period prior
to COVID -19 (high physical activity level in highly trained players due to high
training volume). Even if the players had not been instructed to train during the
COVID -19 suspension, it was noted that some reported regular participation in
regular conditioning or multiple sports, and some remained physically active in
various ways. These all-specific conditions during detraining can be largely
successful in maintaining performance-based physical fitness. With this in mind, it
was thought that it would be helpful to determine the physical activity levels that

are useful as criteria for these conditions in this study.

5.3.3. Evaluation of Training Status

In addition to maturity, training status directly determines the type of adaptations

underlying performance gains and detraining induced physical performances
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(Bosquet et al., 2013). Controlling the effects of this moderator can be easy, unlike
the impact of the maturity factor which requiring additional measurements or
evaluations. For example, one can claim that group homogeneity is achieved by
including players from the same football team or teams from the same division
(elite-sub-elite-amateur) in a research design. However, if the goal is to detect
training status-related differences in training- or detraining-induced physiological
adaptations (as in the present study), some intervention should be performed to make
classifications with respect to training status. At this point, data on the training
background of the players were obtained from club records. These data were verified
against the data obtained from the semi-structured interview with the coaches and

the players themselves.

The reason for these interventions is to avoid misclassification that may result from
some exceptional circumstances. For example, an athlete who has taken a break
from football in the recent past for personal reasons may be excluded from the study,

even though he was a player on the same team with other participants.

5.4. Practical Implications

The results of the present study demonstrate the detrimental effects of long-term
detraining with significant decreases in the components of physical fitness after 27-
week COVID -19 induced mobility restrictions on physical fitness. Depending on
the growth-related physical development advantages, it can be misleading if some
components of physical fitness decrease were not-dramatically levels. Strength and
conditioning coaches should address these declines dramatically because when you
consider that athletes at this age if they continued their regular training instead of
remaining untrained, were also exempt from improvements in the expected 5-15%
range, it's pretty striking. After a detraining period, trainers should also consider
growth-related natural physical developments to set performance goals when

designing a retraining program.

Even though all selected physical fitness components of this study are important

determinants of match-winning actions in soccer, it is also notable that zigzag agility
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with the ball may be considered more remarkable for detraining induced physical
fitness losses. Because the development of this performance is highly dependent on
soccer-specific practices, evaluating performance decrements in this performance

separately from other performances may provide more meaningful insights.

5.5. Limitations and Recommendations

This study attempted to compare the changes in physical fitness induced by
detraining according to maturity and training status by partially removing or
controlling or minimizing the effect of other moderators but ignoring the impact of
some other important factors. It was not possible to control for the effects of other
factors, such as psychological factors, sleep patterns, dietary habits, and
physiological considerations, which are critical to both training-induced and
detraining-induced physiological adaptations. Considering that the COVID -19
epidemic, specifically related to human life, tests the ability to cope with stressful
and anxious situations that affect physical performance in humans and even in
athletes, it might be advisable to consider this topic for further studies, but in
particular, controlling physiological benefits by measuring muscle fiber type,
muscle cross-sectional area, muscle architecture, or neural gating of muscles is a

very, very difficult application.

Eliciting the level of physical activity to control for the effect of detraining level is
a unique approach for this type of study, but the fact that these questionnaires
include questions for the last week, assuming that they represent the level of COVID
-19 lockdown, can be taken into account. Although individuals with different
physical activity routines were identified and eliminated in the semi-structured
interview conducted prior to these surveys, this point should still be noted as a
limitation. However, it is certain that a design without any intervention would have

been realized with an even greater limitation.

Soccer is a sport with position-specific requirements, so there could be meaningful
differences in terms of players' playing positions(di Salvo et al., 2007; Martinez-

Santos et al., 2016). However, the scope of this study was not included because a
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specific determination of playing position is not usually applied by clubs for child
athletes in these age categories and the sample size is not large sufficient to make

such a classification.

These components of physical fitness were selected because balance, strength, and
other high-intensity efforts such as sprinting, agility, and explosive power are
characterized by soccer-specific training responses. While the zigzag test without a
ball only assesses agility from changes in direction, ball control and dribbling skills
are also required for performing it with a ball. Sporis$ et al., (2011) indicated that
this agility performance without a ball is much more strongly related to other power
performances such as speed, jumping power, and quickness than the performance
with a ball. The findings of the present study showed that highly trained adolescents
exhibited more dramatic percentage changes in zigzag agility with the ball in
comparison with the recreationally trained ones, while there were no meaningful
differences in these changes in terms of maturational differences. Chronic increases
in each of these selected physical fitness tests are expected with soccer-specific
training, and dramatic losses in these components are thought to be more evident
after detraining period. No cardiorespiratory fitness test was included in the study
because the measurement of cardiorespiratory fitness in children has some
limitations (Mayorga-Vega et al., 2015) and applying a maximum cardiac workload,
such as a 20-m shuttle run, after a long-term detraining period cannot be a healthy

approach.

In the tests performed consecutively, it was predicted that there would be no
performance losses due to fatigue when sufficient rest intervals were given
(Martinez-Santos et al., 2016). However, this viewpoint was questioned by second
measurements conducted for reliability analysis. Further studies should still pay

attention to this point.
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5.6. Conclusion

These results indicate that the 27-week detraining caused by COVID -19 induced
mobility limitations adversely affects all components of physical fitness and that
these adverse effects could be influenced by maturation or training status. Although
the decreases in all components of physical fitness were significant, the effect sizes
for some components were smaller than expected for such a long period of
detraining (27 weeks). This result shows in detail that 27 weeks of physical
development can significantly contribute to physical fitness. No significant 3-way
interaction (time x maturity x training status) was found in the study. However,
considering that the highly trained players at mid-PHV is the only group in which a
significant decline was observed for each component of physical fitness (Table 12),
and that the highest effect sizes are also reported in this group (with the exception
of 2 parameters: RSI and RHG), it cannot be unequivocally said that the
deterioration of physical fitness in this population is similar to that in other players.
Nevertheless, it can be said that 2-way interactions provide more explainable
conclusions in the current study. The detraining period caused by mobility
restrictions had greater negative effects on some aspects of performance-related
physical fitness (drop and squat jump heights and agility times (with and without
the ball)) in players with -middle PHV than in players before PHV. On the other
hand, this period had greater negative effects on some aspects of performance-
related physical fitness (reactive strength index, 20-m running velocity, standing
long jump, and dynamic balance) in highly trained players, regardless of maturity

status.
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C. TURKISH SUMMARY / TURKCE OZET

KOVID-19 HAREKET KISITLAMALARININ FARKLI OLGUNLUK VE
ANTRENMAN DUZEYLERINDEKI GENC FUTBOLCULARIN FiZIKSEL
UYGUNLUKLARINA ETKISIi

Giris ve Amag

2020 yilinin basindan beri diinya genelinde biiyiik bir saglik sorunu olarak varligini
stirdiiren COVID-19 salgini, 2022 yilinin ilk aylari itibariyle ciddiyetini korumakta;
tim diinyayo sosyal, beseri ve ekonomik yonden etkilemeye devam etmektedir.
Ulkeler COVID-19 pandemisi 6ncesinde var olan sorunlarini bir kenara koyup
biitiin ¢abalarini bu viriisten kurtulmaya harcasa da, tam bir koruma saglayamayan
astlama caligmalar1 disinda hastaligi tamamen ortadan kaldiracak bir miidahale 2022
yilinin ilk aylar1 itibariyle heniiz bulunmamistir. Hastaligin etkilerini azaltan asilarin
heniiz gelistirilmedigi salginin ilk donemlerinde ise insanlar, uzun bir siire hijyen,
maske ve sosyal mesafe gibi Onlemlerle hayatlarim1 idame ettirmek zorunda
birakilmislardir. Bu donemlerdeki 6nlemlerin viriisiin yayilmasini 6nleyici rolii tiim
kesimlerce kabul gérmekle birlikte; baz1 bagka sorunlara da kap1 araladigi da siklikla
dile getirilmistir. Ozellikle diinya genelinde hiikiimetlerin sosyal izolasyonu bir nevi
zorunlu hale getiren “hareket kisitlamalar1” pandemi 6ncesi donemde zaten biiyiiyen
bir saglik sorunu olan “fiziksel inaktivite” yi daha da tetikleyen bir duruma
doniigmiis, fiziksel aktivite yapma imkanlarinin oniine ekstra bariyerler getirmistir.
Nitekim, bu konu fiizerine yapilan g¢aligmalar COVID-19 kaynakli hareket
kisitlamalar1 ile azalan fiziksel aktivite seviyelerini agik¢a ortaya koymaktadir
(Akbari et al., 2021; Giustino et al., 2020; Lesser & Nienhuis, 2020; Ruiz-Ro0so et
al., 2020; Schmidt et al., 2020; Stockwell et al., 2021). Almanya, halya, Ispanya,
Avustralya, Iran ve Latin Amerika gibi farkli iilkelerde yapilan bu ¢aligmalara ek
olarak bu kisitlamalarin bir saglik gostergesi olan “fiziksel uygunluk”
profillerindeki negatif etkilerini gésteren ¢alismalar da yapilmistir (Guessogo et al.,
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2021; Salazar et al., 2020; Spyrou et al., 2021; Sunda et al., 2021; Tsoukos &
Bogdanis, 2022). COVID-19 pandemisinin getirdigi hareket kisitlamalar1 saglikla
direk iligkilisi olan fiziksel aktivite durumuna ek olarak, durdurulan sportif
faaliyetlerle sporcular igin performans kayiplarinin s6z konusu oldugu
“antrenmansizlik” durumunu da beraberinde getirmistir. Fiziksel inaktiviteyle ilgili
saglik endiseleri her kesimden insanlar i¢in bir tehditken, kisitlamalar ile meydana
gelen “antrenmansizlik” durumu da sporcular igin performans kayiplarini ortaya
cikartan bagka bir sorunu da meydana getirmistir. Hem bir saglik gostergesi olmasi
yoniiyle fiziksel inaktivite kaynakli saglik sorunlarinin incelenmesinde, hem de
fiziksel performans testleri igermesi yoOnilyle “antrenmansizlik” kaynakl
performans kayiplarinin incelenmesinde fiziksel uygunluk degerlendirmeleri

yapilmaktadir.

Fiziksel uygunluk orta ila siddetli fiziksel aktiviteler i¢in gerekli olan yeteneklere
sahip olma durumudur. Daha ¢ok saglikla iliskili olan fiziksel uygunluk temel olarak
kardiyovaskiiler dayaniklilik, kas kuvveti, kas dayanikliligi, esneklik ve viicut
kompozisyonunu kapsayan 5 ana komponentle ele alinmaktadir (Medicine, 2013Db).
Yapilan caligmalar, viicut kompozisyonunun obezite, kardiyovaskiiler hastalik,
diyabet gibi bir¢ok saglik sorunuyla iligkili oldugunu, ve yine diger bilesenlerin de
saglikla iligkili oldugunu agik¢a ortaya koymustur (Kolimechkov, 2017). Bu
bilesenlerin saglik disinda sporda performansa etki eden ve beceri ile
iligkilendirilmis olanlar1 literatiirde ayrica ele alinmistir. Spor bransina gore
cesitlendirilebilinen fiziksel uygunluk test bataryalart hem saglikla ilgili, hem de
beceriyle iligkili bilesenleri icerebilmektedir (DeMet & Wahl-Alexander, 2019;
Kariyawasam et al., 2019; Williams et al., 2008). Ceviklik, siirat, ¢abukluk gibi
yiiksek siddetli performanslari igerebildigi gibi koordinasyon ve reaksiyon gibi bazi

motor becerileri de igerebilmektedir.

Bu ¢alismanin amact COVID-19 nedenli bu hareket kisitlamalarinin hem atletik
performans kayiplarini ortaya koyabilen hem de genel sagligin bir gostergesi olan
“fiziksel uygunluk” iizerine etkilerini arastirmaktir. Calismanin arastirma sorusunu
olustururken yararlanilan “Antrenmansizlik” ve “fiziksel inaktivite” alanlarindaki

literatiirlere bakildiginda fiziksel uygunluk adaptasyonlarmin cinsiyet, yas,
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olgunluk ve antrenelik diizeyi gibi bircok farkli faktére gore degisebilecegi
goriilmiistiir (Bosquet et al., 2013). Ozellikle yakin zamanda yapilan ¢alismalar
adolesan sporcularda “olgunluk” ve “antrenman diizeyinin” antrenmanlara bagl
farklh fizyolojik adaptasyonlara olusturabilecegini gostermis fakat antrenmansizlik
sonrast bu adaptasyonlardaki farkliliklar heniiz net bir sekilde ortaya
konulamamustir. Literatiirdeki bu bosluk calismanin bir diger aragtirma sorusu
olarak ele alinmig, addlesan futbolcularda “olgunluk™ ve “antrenman diizeyinin”
hareket kisitlamalarinin neden oldugu fiziksel uygunluk {izerine etkilerinin

incelenmesi de amaclanmustir.

Calismanin Onemi

Fiziksel aktivite, egzersiz ve spor gibi kavramlarin saglikli bir yasam i¢in dnemi
daha 6nce birgok kez vurgulanmig (Mannino et al., 2019), buna karsin teknoloji
cagmin getirdigi rahat yasam, bu hususlarin siklikla ihmal edilmesine sebebiyet
vermistir. Gelismis iilkelerde son yiizyilda giderek azalan fiziksel aktivite seviyeleri
obezite basta olmak iizere ciddi saglik sorunlarint meydana getirmektedir. COVID-
19 pandemisi dncesi bu sorunla miicadele eden iilkeler, pandemiyle birlikte saglikla
ilgili bu eforlarini viriisle miicadeleye yoneltmiglerdir. Bununla birlikte, hareket
kisitlamalar1 gibi viriisle miicadele kapsaminda uygulanan dnlemler fiziksel aktivite
olanaklarimi daha da zor hale getirmistir. Ozellikle tiim sosyal olanaklarin ve sportif
faaliyetlerin kisitlandigi, insanlarin ev hapsine alindig1 pandeminin ilk dénemleri bu
zorluklarin en derinden yasandigi zamanlar olmustur. Bu calismadaki bulgularin
COVID-19 nedenli hareket kisitlamalarinin fiziksel aktivitesizlige bagl olarak bir
saglik gostergesi olan fiziksel uygunluk profillerine (Knapik et al., 2019; Ortega et
al.,, 2008) etkilerini ortaya koyarak ilgili alandaki literatiire ciddi katkilar
saglayacag diisiiniilmektedir. Ayrica COVID-19 kisitlamalarin tiim spor olaylarini
etkilemesi sporcularin antrenman ve miisabakalardan uzak kalmalaria sebebiyet
vermistir. Bu duruma bagh olarak sporcularda performans kayiplari ile sonuglanan
“antrenmansizlik etkisi” olusmustur. Bu calismanin bagimsiz degiskeni her ne kadar
hareket kisitlamalar1 olarak tanimlansa da, ortaya ¢ikan fiziksel uygunluk kayiplar
antrenmansizlik etkisi ile de agiklanabilmektedir. Bu baglamda ¢alisma bulgularinin

antrenmansizlik etkisini inceleyen caligmalara da yol gosterici nitelikte olacagi

88



diistiniilmektedir. Calismanin bir bagska Onemi de gerek antrenman gerekse
antrenmansizlik kaynakli fizyolojik adaptasyonlarda belirleyici faktorler olan
“antrenman diizeyi” ve “olgunluk™ faktdrlerinin fiziksel uygunluk degisimlerinin
incelenmesinde ele alinmasidir. Daha 6nce yapilan ¢alismalar bu iki faktére gore
fizyolojik adaptasyonlarin farkli olabilecegini géstermesine karsin antrenmansizlik
kaynakli performans kayiplarini inceleyen ¢alismalar bu faktorleri cogunlukla goz
ard1 etmistir. Ayrica yazarlarin bilgisi dahilinde bu iki faktorii beraber ele alarak

antrenmansizlik etkisini inceleyen bir ¢alisma yoktur.

Yontem

Calisma igin Orta Dogu Teknik Universitesi, insan Arastirmalar1 Etik Kurulundan
258-0ODTU-2020/28620816 protokol numarasi ile etik onay almmustir. Tim
katilimcilar ve aileri calismanin igerigi hakkinda bilgilendirilerek rizalart alinmistir.
Antrenman diizeylerinde belirgin farkliliklarin oldugu bir profesyonel bir futbol
kuliibiiniin alt yap1 futbolcular1, ve bir futbol okulundaki 10-14 yas cocuklar
calismaya ¢agrilmistir. Ust diizey antrenman rutinlerine sahip U11, U12, U13 ve
Ul4 takimlarinda forma giyen futbolcular yiiksek diizeyde antrenmanli; futbol
okulunda oynayan c¢ocuklar ise rekreatif diizeyde antrenmanli olarak
siniflandirilmistir. Her iki antrenman diizeyindeki futbolcular i¢in ¢alismaya dahil
edilme kriteri olarak; 10-14 yas araliginda olmak, addlesan sonrasi donemde
olmamak, 2 yillik sportif 6zge¢misi olmak, ve pandemi siiresince fiziksel olarak

inaktif olmak kosullar1 belirlenmistir.

COVID-19 kisitlamalarindan hemen once yapilan dlgtimlerde bu kriterlere uygun
olarak 63 iist diizey antrenmanli geng futbolcu ile 79 rekreatif diizeyde antrenmanl
geng futbolcu caligmaya dahil edilmistir. Bu futbolcularin son iki yi1ldaki antrenman
yogunluklarini tespit ederek ait olduklar1 varsayilan popiilasyonlarini (iist diizey
antrenmanli-rekreatif diizeyde antrenmanli) dogrulamak igin hem sporcularin
kendileriyle hem de antrendrleriyle yart yapilandirilmis  gériismeler
gergeklestirilmistir. Bu goriigmelerdeki sorular; 1) ka¢ yildan beri bu grup ile
antrenmanlar yapiyorsun? 2) son alt1 aydir antrenmanlarin haftada kag giin? 3) son

alt1 aydir kacirdigin antrenman sayisi kactir? 4) bir birim antrenmanin ortalama kag
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dakika siirtiyor? 5) yilda ortalama kag¢ miisabakaya katiliyorsun? Bu anket sorulari
ile sporcularin haftalik antrenman volumleri hesaplanmis ve yliksek diizeyde
antrenmanli sporcularin rekreatif diizeyde antrenmanli sporcularin antrenman
diizeyleri dogrulanmistir. Pandemi nedenli hareket kisitlamalarinin ¢alisma 6ncesi
ne kadar stirecegi bilinmediginden spesifik bir uygulama periyodu belirlenmemistir.
Calismanin bagimsiz degiskenini olusturan hareket kisitlamalarinin aslinda bir
“antrenmansizlik” durumunu agiklayici nitelikte olmasi nedeniyle ¢alismaya dahil
edilme kriteri olarak belirlenen “bu donemdeki fiziksel inaktif olmak™ kosulu
Uluslararas1 Fiziksel Aktivite Degerlendirme Anketi Kisa Formu (IPAQ) ile
degerlendirilmistir. Segili fiziksel uygunluk testleri COVID-19 nedenli hareket
kisitlamalarindan hemen Once ve antrenmanlarin tekrar baglatildigr ilk giin

yapilmistir.

Antropometrik 6l¢timlerde; viicut agirligi i¢in Biyoelektrik impedans cihazindan
(Tanita® BC-418MA, Tanita Corp., Tokyo, Japan), boy ve oturma yiiksekligi i¢in
tagmabilir stadyometreden (SECA 217, Hamburg, Germany) yararlanilmistir.
Oturma yiiksekligi icin denekler bas hizasinda dik oturma pozisyonunda
yerlestirilmis ve basin {ist kismi ile oturma yiizeyi arasindaki mesafe 6l¢iilmiistiir.
Bu degerin boy uzunlugundan ¢ikarilmasi bacak uzunlugunun hesaplanmasinda
kullanilmistir. Viicut kitle indeksi (VKI), kilogram cinsinden viicut kiitlesinin metre
cinsinden ayakta durma boyunun karesine boliinmesiyle de hesaplanmistir. Se¢ili
fiziksel uygunluk testleri: kavrama kuvveti el dinamometresi (Takei, Tokyo) ile,
dinamik denge Y-denge testi ile, durarak uzun atlama zemin iizerine bant ile
sabitlenmis mezura ile, dikey sigramalar (skuat si¢grama, drop si¢crama ve aktif
sigrama) Optojump (Microgate, Bolzano, Italy) fotoelektrik Olgiim sistemi ile,
hizlanma (10m), hiz (20m), ve toplu-topsuz zikzak geviklik performanslari(s)
elektronik zamanlama sistemleri ile (Smart speed, Fusion Sport, Avustralya)

Olctilmiistiir.

El kavrama kuvveti i¢in dinamometrenin kollar1 her katilimcinin el ve parmak
olgtilerine gore ayarlandiktan sonra sonra katilimcilar ayakta durma pozisyonunda
alt1 saniye boyunca li¢ maksimum izometrik kuvvet uygulamislardir. Bu uygulama

ile elde edilen li¢ degerden en biiyiigii kaydedilmistir. Bu sekilde elde edilen mutlak
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kuvvet degerlerinin VKI degerlerine boliinmesiye goreceli degerler hesaplanmuistir.
Dinamik dengeyi 6l¢mek i¢in kullanilan Y-Denge testinde deneklere tek bacak ile
dengede kalarak diger bacaklartyla anterior, posteromedial ve posterolateral
bolgelere dogru maksimum erisme denemeleri yaptirilmistir. Bacaklariyla Y
seklinde bir desen ¢izdikleri hareketler zincirinde denekler; once eller belde ve
¢iplak ayaklarla tam karsiya dogru (anterior) miimkiin olan en uzak noktaya bir
erisme denemesi yapar. Sonrasinda bu ¢izgiden 135° olusturacak sekilde ¢izilmis
sag ve sol ¢apraza dogru yine miimkiin olan en uzak mesafeye erisme denemesi
yaparlar. Dominant bacakta topuklarin yerle temasi kesilmeden non-dominant
bacakla az 2 saniye dokunmanin saglanabildigi mesafeler santimetre cinsinden
kaydedilmis, elde edilen degerler deneklerin bacak uzunluklarma yiizdelik
hesaplama yapilarak standardize edilmistir. Durarak uzun atlamada (yatay sicrama)
denekler, ayak parmaklari baslangi¢ ¢izgisiyle ayn1 hizada olacak sekilde hareketsiz
durduktan sonra serbest kol hareketleriyle si¢rayabildikleri kadar 6ne sicradilar.
Baslangic ¢izgisi ile diisme noktasi arasindaki mesafelerin dikkate alindigi 3 tekrar
sonrast en iyl degerler kaydedilmistir. 3 farkli dikey sigrama testinde de
katilimcilarin “elleri bellerinde” konumlandirilmis ve 3 farkli denemenden en iyi
degerleri kaydedilmistir. Aktif sigramada ayaktayken hizli bir eksantrik kasilmayla
comelmeye gecerek gii¢ alip sonrasinda sigrayabildikleri kadar yiiksege sigramalari
istenilirken, squat sicramada 90° diz acisiyla ¢omelmede beklenilirken
sigrayabildikleri kadar yiiksege sigramalar1 istenilmistir. Drop sigrama i¢in 30 cm
yiiksekligindeki kutulardan 6n bacaklar1 uzatilarak bir diisiis sonrasinda minimum
yerle temas sliresiyle maksimum sigrama yapmalari istenilmistir. Hizlanma ve
maksimum hiz o6l¢liimlerinde katilimcilardan 20 metrelik mesafe boyunca
maksimum hizlarinda kosu yapmalar: istenilmistir. Baslangi¢c noktasinin 20cm
ilerisine, 10m ve 20m uzakliklara yerden 0.8 m yiikseklikte konumlandirilmis
fotosellerle bu mesafelere ulastiklar: siireler kaydedilmistir. Iki dakikalik dinlenme
aralif1 sonrasi testi tekrar etmeleri istenilmis iyi olan dereceleri kaydedilmistir.
Ceviklik testi toplu ve topsuz olarak 2 ayr1 formda dl¢lilmiistiir. Yon degistirme,
hizlanma, ve yavaglama performanslarinin oldugu zikzak testi Sm’lik lineer bir
hizlanma ile baslar ve 100° agilarda yon degistirmeler sonrasi 3 lineer hizlanma ile
sonlanir. Katilimcilar bu performanslar1 kendi futbol ayakkabilar ile sentetik ¢imde

gergeklestirmislerdir. Testler sirasinda performanslarini etkileyecek herhangi bir
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teknik miidahale yapilmamustir. Aralarda birer dakikalik dinlenmelerin oldugu toplu
ve topsuz iiger deneme sonrasi en iyi degerler kaydedilmistir. Ilk 6lgiimlerden bir
hafta sonrasinda katilimcilarin biiyiik bir cogunlugu ile (n=92) giivenilirlik analizi
yapilmak ig¢in testler tekrarlanmistir. Bu giivenilirlik analizi sonucunda iyi ile
miilkemmel arasinda test-tekrar test giivenilirligi raporlanmistir (ICC= 0,72-0,99).
Son testler i¢in farkli nedenlerle calismadan ayrilanlar ve ¢alismaya dahil edilme
kriterlerini saglamayanlarin ¢aligmadan ¢ikartilmasi nedeniyle 27 yiiksek diizeyde
antrenmanli, ve 25 rekreatif diizeyde antrenmanli toplam 52 katilimci ile drneklem
olusturulabilinmistir. Zirve boy uzama hizi donemi (PHV) tahminlerinde; Mirwald
ve arkadaslar1 (2002) tarafindan gelistirilen oturma ytiksekligi, bacak uzunlugu gibi
fiziksel 6zelliklerle formiilize edilen denklemden yararlanilmistir. Bu olgunlasma
degerlendirmesi sonucunda 31 futbolcunun pre-PHV déneminde (YA=16, RA=15)
ve 21 sporcunun mid-PHV doneminde (YA=11, RA=10) oldugu gorilmiistiir.
Verilerin analizi i¢in SPSS 24.0 paket programdan yararlanilmistir. Fiziksel aktivite
seviyelerindeki degisimler “Wilcoxon Eslestirilmis Iki Ornek Testi”, giivenilirlik
analizi ise “Sinif I¢i Korelasyon Katsayisilarina (ICC)” gore degerlendirilmistir.
Fiziksel uygunluk parametrelerindeki degisimlerin bagimsiz degiskenlere gore
karsilagtirilmasi igin ti¢ yonlii tekrarlanan 6l¢iim tasarimi (2 (zaman: Ontest-sontest)
X 2 (antrenman diizeyi: yiiksek-rekreatif) x 2 (olgunluk durumu: pre-PHV-mid-
PHV)) kurulmus, anlamli etkilesimlerdeki farklarin kiyaslanmasi etki

biiyiikliiklerine (ES) gore yapilmistir.

Bulgular

Hareket kisitlamalart boyunca fiziksel aktivite seviyeleri kisitlamalar Oncesi
doneme gore yiiksek diizeyde antrenmanli futbolcularda %85, rekreatif diizeyde
antrenmanli futbolcularda ise %87 azalmustir. On-testler igin fiziksel ozellikler
bakimindan antrenman diizeyine gore tek anlamli farklilik pre-PHV kohortta, VKIi
degerlerinde goriilmiistiir. Pre-PHV kohort icin rekreatif diizeyde antrenmanli
futbolcularin 16.87+2.22 olan &n-test VKI degerlerinin 15.25+1.63 olan yiiksek
diizeyde antrenmanli futbolculara gore daha yiiksek oldugu goriilmistiir (p=0.03).
Bunun disindaki tiim demografik ve antropometrik parametrelerde (yas, boy, viicut

agirhigl, oturma yiiksekligi, bacak uzunlugu) rekreatif diizeyde antrenmanli ve
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yiiksek diizeyde antrenmanli futbolcular arasinda istatistiksel olarak anlamli fark
goriilmemistir (p>0.05). Mid-PHV kohort i¢in de rekreatif diizeyde antrenmanli ve
yiikksek diizeyde antrenmanli futbolcular arasinda bu parametreler bakimindan

istatistiksel olarak anlamli bir farklilik bulunmamustir.

27 haftalik hareket kisitlamalar1 sonrasinda kavrama mutlak kuvvet, drop sigrama
ve normalize olmayan Y-balance disindaki tiim parametreler igin performans
kayiplarina yonelik anlamli zaman etkisi bulunmustur (p<0.05). Olgunluk ve
antrenman diizeyine gore olusturulan 4 farkli grubun her biri i¢in anlamli degisim
goriilen parametreler Tablo 1.’de delta degerleri ve etki biiyiikliikleri ile birlikte
gosterilmistir. Bu degisimlere gore; Pre-PHV kohort i¢in yiiksek diizeyde
antrenmanli futbolcularda anlamli performans kayiplari rdlatif kavrama kuvveti,
reaktif kuvvet indeksi, hizlanma (10m), maksimum hiz (20m), durarak uzun atlama,
zikzak toplu ¢eviklik ve normalize Y denge parametrelerinde goriiliirken, rekreatif
diizeyde antrenmanli pre-PHV gruptaki anlamli performans kayiplari; rolatif
kavrama kuvveti, reaktif kuvvet indeksi, durarak uzun atlama, zikzak toplu ¢eviklik,
zikzak topsuz ¢eviklik ve normalize Y denge parametrelerinde goriilmiistiir. Ayrica
Pre-PHV kohort i¢in yiiksek diizeyde antrenmanli futbolcularda zikzak topsuz
ceviklik performansindaki kayip egilimi goriilmiistiir (F= 4.60, p= 0.051). Yiiksek
diizeyde antrenmanli pre-PHV futbolcularda ise anlamli performans kayiplarinin
gortldiigii reaktif kuvvet indeksi ve toplu zikzak ceviklik parametreleri i¢in etkiler
biiylik (d= 0.84, 0.82), normalize Y-denge i¢in orta (d=0.61) ve diger anlamlh
parametreler olan rolatif kavrama kuvveti, hizlanma (10m), hiz (20m) ve durarak
uzun atlama i¢in diistiktii (d=0.32, 0.48, 0.39, 0.26, 0.23). Rekreatif diizeyde
antrenmanl futbolcularda anlamli performans kayiplarinin goriildiigi zikzak toplu
ceviklik icin biliylik etki, N-Y balance i¢in orta etki (d=0.59) ve diger anlamli
parametreler olan rolatif kavrama kuvveti, reaktif kuvvet indeksi, zikzak topsuz
ceviklik i¢in diisiiktii. Mid-PHV kohort i¢in yiiksek dilizeyde antrenmanh
futbolcularda mutlak kavrama kuvvet ve normalize olmayan Y-denge disinda tiim
parametrelerde anlamli performans kayiplari goriilmiistiir(p<0.05). Zikzak toplu
ceviklik, hizlanma (10m) ve hiz (20m) kayiplarinda biiyiik etkiler (d=0.90, 0.81,
0.83), rolatif kavrama kuvveti, reaktif kuvvet indeksi, durarak uzun atlama, zikzak
topsuz ceviklik ve Normalize Y-dengesi i¢in orta diizeyde etkiler (d=0.50, 0.72,
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0.66, 0.59, 0.77) ve 3 farkl dikey sigrama parametresi i¢in (Drop sigrama, Skuat
sigrama, Aktif Sigrama) kiigiik etkiler raporlanmistir. Son olarak Mid-PHV kohort
icin rekreatif diizeyde antrenmanli futbolcularda mutlak kavrama kuvveti i¢in kiigiik
fakat anlamli performans gelisimi (p=0.02, d=0.46), rolatif kavrama kuvveti, reaktif
kuvvet indeksi, zikzak topsuz ceviklik ve normalize -Y denge i¢in orta diizeyde
anlaml performans kayiplar1 (d=0.66, 0.57, 0.54, 0.50), zikzak toplu ¢eviklik i¢in
biiyiik diizeyde performans kayiplari raporlanmistir (d=0.88).

Tablo 1
Anlamli degisim goriilen parametreler
Yiiksek diizeyde antrenmanh Rekreatif diizeyde antrenmanh
futbolcular futbolcular
Pre-PHV Mid- PHV Pre-PHV Mid- PHV

HG (kg) - - - A 2.52% (0.46)
RHG (kg/BMI) A-7.69% (0.32) A-11.19% (0.50) A-7.69% (0.44) A -6.45 (0.66)
RSI (mm/ms) A-14.81% (0.84) A-15.01% (0.72) A-14.81% (0.28) A -17.30 (0.57)
10m(s) A3.68% (0.48) A5.53% (0.81) A3.68 % (0.20)

20m(s) A2.13% (0.39) A5.50% (0.83) -

DJ (cm) - A-7.76% (0.35)

CMJ (cm) - A-6.33% (0.33)

SJ (cm) - A-7.62% (0.47)

SLJ (cm) A-2.72% (0.26) A-3.96% (0.66) - -

ZAWHB (s) A1.13% (0.23) A5.91% (0.59) A1.13% (0.31) A3.19 (0.54)
ZAWSB (s) A5.97 % (0.82) A10.53% (0.90) A5.97% (0.83) A10.57 (0.88)
Y Balance - - - -

N-Y Balance A-3.61% (0.61) A-3.68% (0.77) A-3.61% (0.59) A-2.32 (0.50)

Legend: HG= Kavrama kuwveti, R-HG= Goreceli kavrama kuvveti, 10m= 10metre hizlanma 20m= 20metre
kosu hizi, SLJ=durarak uzun atlama, DJ=Drop sigrama, RSI= Reaktif kuvvet Indeksi, SJ= Skuat sicrama,
CMJ= Aktif sigrama, ZAWB= Topla zikzak ¢eviklik siiresi, ZAWHB= Topsuz zikzak g¢eviklik siiresi, Y
Balance= Ydenge, N-Y denge= normalize Y denge
U¢ yonlii etkilesimler bakimindan herhangi bir degisken igin anlamlilik
bulunamazken; anlamli zaman*olgunluk etkilesimlerinin raporlandig1 drop
sigrama(d=0.10), skuat sigcrama(d=0.18), toplu (d=0.21) ve topsuz(d=0.16) zikzak
ceviklik performanslarinda azalmalarin mid-PHV grupta daha fazla oldugu

gorilmiistiir. Kiiglik etki boyutunun oldugu toplu ¢eviklik digindaki parametreler

disinda farklarin 6nemsiz diizeyde oldugu goriilmiistiir(d<0.20).

Anlamli zaman x antrenman diizeyi etkilesimlerinin bulundugu reaktif kuvvet
indeksi (d=0.11), durarak uzun atlama (d=0.08), 20m kosu hiz1 (d=0.12) ve
Normalize Y denge (d=0.09) performanslarinda yiiksek diizeyde antrenmanli
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futbolculardaki performans kayiplar1 rekreatif diizeyde antrenmanli futbolculara

gore onemsiz diizeylerde olmakla birlikte daha fazlaydi.

Tartisma ve Sonug¢

Calismanin  sonuglar1  fiziksel uygunlugun tiim bilesenlerinin  COVID-19
kisitlamalarindan etkilendigini gostermistir. Her ne kadar drop si¢ramada anlamli
degisim goriilmese de skuat sigrama, aktif sigrama ve yatay sicramada degisimler
negatif yonlii ve anlamli olmasi fiziksel uygunlugun “sigrama” bileseninde COVID-
19 kisitlamalarina bagl performans kayiplariin oldugunu gostermektedir. Ayrica
mutlak degerler bakimindan anlamhi farklilik géstermeyen kavrama kuvveti, rolatif
degerler bakimindan anlamliydi. Fiziksel uygunlugun kassal kuvvet bileseninin
degerlendirilmesinde fiziksel gelisimlerin kuvvet iizerindeki etkilerinin tamamen
yok sayildigr mutlak degerler yerine viicut kitle indeksine gore standardize edilmis
rolatif degerler dikkate alinmistir. Benzer sekilde 27 hafta gibi uzun bir donemde
bacak uzunluklar1 artan cocuklarin bu artislara bagli Y-denge testi erisme
mesafelerinin de artacagi ve bu durumun dinamik dengedeki degisimlerin gostergesi
olmayacagi aciktir. Bu hassasiyetle yapilan ¢aligsmalar Y-denge testindeki erisme
mesafelerinde ortalama degerler yerine bacak uzunluguna gore yiizdelik oranlarin
hesaplandigi normalize edilmis degerleri dikkate almaktadir(R. Hammami,
Chaouachi, et al., 2016b; Muehlbauer et al., 2013). Bu husus goz oniine alinarak;
anlamli farklilik goriilmeyen mutlak Y-denge degerleri yerine anlamli performans
kayiplarinin goriildiigli normalize edilmis Y-denge degerleri dikkate alinmis ve
dinamik denge bileseninde anlamli  farkliliklarin =~ oldugunu  seklinde
degerlendirilmistir. Bu hususlar dikkate alindiginda ¢alisma sonuglarin 27 haftalik
KOVID-19 kaynakli hareket kisitlamalarinin calisma popiilasyonunu olusturan
geng futbolcularda tiim fiziksel uygunluk bilesenlerinde anlamli performans
kayiplarina sebebiyet verdigi goriilmektedir. Anlamsiz 3-yonlii etkilesimlerin bu
performans kayiplarinin gruplara gore degismedigini gosterse de tim fiziksel
uygunluk bilesenlerinde anlamli degisimlerin goriildiigii ve 2 parametre disinda
(r6latif el kavrama kuvveti ve reaktif kuvvet indeksi) en ytiksek etki biiyiikliiklerinin
raporlandig1r yiiksek diizeyde antrenmanli mid-PHV genel fiziksel uygunluk

kayiplart bakimindan 6n plana ¢ikmistir. Yine de zaman * olgunluk * antrenman
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diizeyi etkilesimlerinin tiim bu parametreler i¢in anlamsiz olmasi kesin ¢gikarimlarda
bulunmayr miimkiin kilmamaktadir. Bununla birlikte performans kayiplar
“olgunluk” ve "antrenman diizeyleri” faktorlerine gore ayr1 ayri kiyaslandiginda
daha Dbelirgin farkliliklarin oldugu goriilmektedir. Antrenman diizeyine gore
degisimler kiyaslandiginda; fiziksel uygulugun bazi parametreleri i¢in (reaktif
kuvvet indeksi, durarak uzun atlama, 20m kosu hiz1 ve dinamik denge) COVID-19
hareket kisitlamalar1 sonrasi performans kayiplarinin yiiksek diizeyde antrenmanl
futbolcularda rekreatif diizeydeki antrenmanli futbolculara gére daha fazla oldugu
goriliirken; rekreatif diizeyde antrenmanli futbolcularda daha fazla performans
kayiplarinin goriildiigli herhangi bir parametre yoktur. Antrenman diizeyi * zaman
etkilesimleri her ne kadar fiziksel uygunluklardaki COVID-19 hareket kisitlamalari
kaynakli performans kayiplarin yiiksek diizeyde antrenmanli futbolcularda daha
fazla olabilecegini gosterse de; farklardaki etki biiyiikliiklerinin 6nemsiz seviyerde
oldugu goz ardi edilmemelidir (d<0.20). Daha oOnceki calismalar antrenman
diizeyine gore antrenmansizligin etkilerinin elit sporcularda daha fazla olabielcegine
yoneliktir. Yapilan ¢aligmalarda antrenmansiz veya rekreatif diizeyde antrenmanli
sporculardaki performans kayiplar1 sinirl olabiliyorken elit sporcularda bu kayiplar
¢ok daha belirgindir (Izquierdo ve ark., 2007; Koundourakis ve ark., 2014; Mujika
& Padilla, 2000). Antrenman diizeyine gore fiziksel uygunluk veya atletik
performans degisimlerini inceleyen daha 6nceki ¢alismalarda; antrenmanlara bagl
performans gelisimlerinin elit seviyeye yaklasildik¢a daha az (McArdle et al., 2010),
antrenmanlar sonrast performans kayiplarinin ise daha fazla olacag: bildirilmistir
(Miles et al., 2005). 2). Bu ¢alismalardaki bulgulara dayanarak mevcut ¢alismanin
hipotezlerini olustururken performans igerikli fiziksel uygunluk kayiplarinin yiiksek
diizeyde antrenmanli futbolcularda daha fazla olabilecegi Ongoriilmiistiir. Bu
cikarim ilgili alandaki diger literatiirlerlr de desteklenebilir durumdadir. Atletik
performans degerlendirmeleri disinda antrenmansizligin antrenelik diizeyine gore
farkl: fizyolojik adaptasyonlar gosterdigi de goriilmektedir. Ornegin, M. P. Miles ve
ark., (2005) antrenmansiz kalinan dénem sonrasinda kassal kuvvetsizlige neden
olan kas atrofisinin elit sporcularda ¢ok daha hizli goriilecegini gostermistir.
Antrenmansizlik sonras1 kardiyorespiratuar adaptasyonlar acisindan da elit
sporculardaki performans kayiplarinin rekreatif diizeyde antrenmanli sporculara

gore daha fazla olacag: bildirilmistir (Mujika & Padilla, 2000). Bu bilgiler ve
96



caligma bulgular yiiksek diizeyde antrenmanli sporculardaki antrenmansizlik
kaynakli performans kayiplarinin rekreatif diizeyde sporculara gére daha fazla

olabilecegini gostermektedir.

Anlamli olgunluk * zaman etkilesimlerinin goriildiigli sicrama (drop si¢grama, skuat
sigrama) ve ceviklik parametreleri (toplu ¢eviklik, topsuz ceviklik), addlesan
donemdeki futbolculardaki COVID-19 hareket kisitlamalar1 sonrasi performans
kayiplarinin addlesan Oncesi donemdeki futbolculara gore daha fazla oldugunu
gostermektedir. Kiiciik etki boyutundaki anlamli farkliligin oldugu “toplu ¢eviklik”
disindaki parametrelerde etkiler 6nemsiz diizeydeydi. Bu bulgularin zaman *
antrenman diizeyindeki bulgulardan farkli olarak literatiir ile desteklenmedigi
goriilmektedir. Meylan et al., (2014) c¢alismalarinda addlesan Oncesi
donemdekilerde performans kayiplarinin adélesan donemdekilere gore daha fazla
olabilecegini gostermistir. Meylan et al., (2014) ¢alismasinda bu ¢aligmadan farkli
olarak belirli bir antrenman periyodu sonrasi antrenmansizlik etkilerine bakilmasi,
popiilasyon grubunun farkli olmasi ve destekleyen baska ¢alismanin olmamasi net
¢ikarimlarda bulunmayi miimkiin kilmamaktadir. Ancak, fiziksel gelisimlerin en
hizl1 oldugu bu dénemde 6zellikle gii¢ ve kuvvet gerektiren performanslarda da daha
fazla “dogal gelisim” goriilebilecegi ve bu duruma bagli antrenmansizlik kaynakli
performans kayiplarinda daha fazla tolare edilebilecegini diisiinmek mantiklidir.
Antrenmansizlik kaynakli performans kayiplarini olgunluga goére ele alan sinirh
sayida calisma oldugu i¢in; bu ¢alismadaki adolesan 6ncesi donemde daha fazla
olmayan fiziksel uygunluk kayiplari fizyolojik perspektiften ele alarak tartismanin
daha aydinlatici olabilecegi disiiniilmiistir. Bu kapsamda; antrenman ve
antrenmansizligin olgunluga gore gosterdigi adaptasyonlarin farkl olabilecegi gibi,
adolesan ve addlesan Oncesi donemde fiziksel uygunluk degisimlerinde belirleyici
olabilecek farkli fizyolojik mekanizmalarin oldugu goriilmiistiir. Addlesan Oncesi
donemde fiziksel performans gelisimleri daha c¢ok noral adaptasyonlar ile
goriiliirken adolesan donemde daha c¢ok hormonal adaptasyonlar belirleyici
olabilmektedir (Lloyd & Oliver, 2012). Dolayisiyla fizyolojik acidan bu
farkliliklarin performans kayiplarina da etkisi olabilecegi diisiiniilebilir. Caligma

popiilasyonunu olusturan adoélesan 6ncesi ve addlesan donemdeki sporcularin daha
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once bu iki olgunluk durumuna gore siniflandirma yapan c¢alismalarda oldugu gibi

farkli kronolojik yaslarda olmalar1 da 6nemli bir farklilik yaratmis olabilir.

Sonug olarak; fiziksel uygunluktaki bozulmalarin yiiksek diizeyde antrenmanl
sporcularda rekreatif diizeyde sporculara gore daha fazla olabilecegi ve yine bu
kayiplarin adolesan donemde olan futbolcularda adolesan donem Oncesi
futbolculara gore daha fazla olabilecegini gostermektedir. Herhangi bir fiziksel
uygunluk parametresi i¢in anlamli 3 yonlii etkilesim goriilmese de; yiiksek
antrenmanlt mid-PHV futbolcularda reaktif kuvvet indeksi ve rolatif kavrama
kuvveti disindaki tiim parametrelerde en biiyiik etki biiyiikliiklerinin goriilmesi ve
yine bu grubun her bir fiziksel uygunluk bileseni i¢in anlamli performans

kayiplarinin oldugu tek grup oldugu goz ardi edilmemelidir.
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