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ABSTRACT

BIiCER, B. (2022). Investigation of the Relationship Between Core Stabilization,
Balance, And Agility Parameters in CrossFit Athletes Yeditepe University,
Institute of Health Sciences, Department of Physiotherapy and Rehabilitation,
Graduation Thesis. Istanbul.

This study aims to evaluate the relationship between core stabilization, balance, and
agility parameters in CrossFit athletes. In addition, the second aim of the study is to
examine the variation of this relationship according to gender. For this purpose, 46
CrossFit athletes (F/M 22/24) between the ages of 18-57 who met the inclusion criteria
of the study voluntarily participated. After the warm-up period, McGill Core Endurance
Tests to assess core stabilization, Y Balance Test for Balance assessment, T Agility Test
for Agility assessment, and Body Composition Analysis to assess body fat and muscle
percentages were applied to the athletes, respectively. A 5-minute rest period was given
between all tests. Number Cruncher Statistical System 2007 program was used for
statistical analysis of the data. As a result, a negative correlation was observed between
the right-side core endurance and agility levels of CrossFit athletes (r=-,620, p<0,01).
Additionally, a negative correlation was observed between the left side core endurance
and agility levels of CrossFit athletes (r=-,655, p<0,01). A positive correlation was
observed between the right leg balance and core stabilization parameters of the athletes
(r=,354, p<0.05). There was found a positive and moderately significant relationship
between left leg balance and time to completion (flexor) (r=,401, p<0,01). There was
found a positive and weakly significant relationship between left leg balance and
flexion: extension ratio (r=,323,p<0,05). As a conclusion, core stabilization and agility
parameters in CrossFit athletes affect by backward to each other. Accordingly, it means
that athletes with better side core endurance finish the t-test faster and has better agility.

Keywords: CrossFit, Y balance, T-agility Test, Core Stabilization
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OZET

BICER, B. (2022). CrossFit Sporcularinda Kor Stabilizasyon, Denge ve Ceviklik
Parametreleri Arasindaki iliskinin Incelenmesi. Yeditepe Universitesi, Saghk
Bilimleri Enstitiisii, Fizyoterapi ve Rehabilitasyon Anabilim Dal, Yiiksek Lisans
Tezi. Istanbul.

Bu ¢aligma, CrossFit sporcularinda core stabilizasyonu, denge ve ¢eviklik parametreleri
arasindaki iligskiyi degerlendirmeyi amaglamaktadir. Ayrica ¢alismanin ikinci amaci, bu
iliskinin cinsiyete gore degisimini incelemektir. Bu amagcla arastirmaya dahil edilme
kriterlerini karsilayan 18-57 yas aras1 46 CrossFit sporcusu (K/E 22/24) géniillii olarak
katilmistir. Isinma periyodundan sonra sporculara sirasiyla core stabilizasyonunu
degerlendirmek i¢in McGill Core Endurance Testleri, Dengeyi degerlendirmek icin Y
Balance Testi, Cevikligi degerlendirmek i¢in T Agility Testi ve viicut yag ve kas
yiizdelerini degerlendirmek i¢in Body Composition Analysis uygulandi. Tiim testler
arasinda 5 dakika dinlenme siiresi verildi. Verilerin istatistiksel analizi i¢in Number
Cruncher Statistical System 2007 programi kullanildi. Sonu¢ olarak CrossFit
sporcularin sag yan kor dayaniklilik ve g¢eviklik diizeyleri arasinda negatif bir iligki
oldugu goriildii (r=-,620, p<0,01). Ayrica CrossFit sporcularmin sol yan kor enduransi
ile ceviklik diizeyleri arasinda negatif bir iliski gozlendi (r=-,655, p<0,01). Sporcularin
sag bacak dengesi ile core stabilizasyon parametreleri arasinda pozitif korelasyon
gbzlendi (r=,354, p<0.05). Sol bacak dengesi ile tamamlanma siiresi (fleksor) arasinda
pozitif ve orta diizeyde anlaml bir iliski bulundu (r=,401, p<0,01). Sol bacak dengesi
ile fleksiyon:ekstansiyon orani arasinda pozitif yonde ve zayif diizeyde anlamli bir iligki
bulundu (r=,323,p<0,05). Sonu¢ olarak CrossFit sporcularinda core stabilizasyon ve
ceviklik parametreleri geriye dogru birbirini etkilemektedir. Buna gore, daha iyi yan
cekirdek dayanikliligina sahip sporcularin t-testini daha hizli bitirdigi ve daha iyi

ceviklige sahip oldugu anlamina gelir.

Anahtar kelimeler: CrossFit, Y denge Testi, T ¢eviklik Testi, Kor stabilizasyon
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1. INTRODUCTION AND PURPOSE

Greg Glassman, a former fitness coach, gymnast, and conditioner, is the
founder of CrossFit. In 1995, Greg Glassman opened the first CrossFit Institute. In the
beginning, CrossFit is developed for firefighters, military, and police departments.
CrossFit was designed to improve perfection in all physical missions (4). It is becoming
popular among civil society and athletes (5,6). CrossFit can be defined in many ways.
One of the ways is that it includes rapid and ballistic movements but also other training
methodologies such as functional training, interval training, or endurance workouts can
be a part of it. In short, CrossFit (CF) is a kind of fitness program that is described as
high-intensity functional movement training (4). Due to the nature of CrossFit, it
includes more than one sport. Running, rowing, swimming, biking and any other type of
metabolic conditioning exercises can be examples of it. In addition to this, CF also
includes rapid and ballistic movements that are usually in high-intensity exercise
programming such as snatch, power clean, jumping, clean, and jerk (7).

CrossFit workouts are designed as a generalized group training that is called
Workouts of the Day (WOD). The program of WOD is changed day by day with the
CrossFit trainers. The program CF combines a high-intensity functional movement
exercise program with interval training methods (4). In this type of exercise program,
limited time of rest is given to create strength and endurance. The interval training of
CrossFit can be separated into four main training strategies that are TABATA,
AMRAP, EMOM, and RFT. The training starts with a specialized warm-up. After that,
workouts of the day are practised with little or no rest. As a result of this methodology,
CF becomes a combination of weightlifting, cardiovascular and gymnastic types of
exercise in a certain limited time (4,8,9).

CrossFit has remarkable benefits for athletes who decided to join. The benefits
of CrossFit can be aligned as that; lower body fat percentage (BFP), increased lean body
mass (LBM), increased brain-derived neurotrophic factor levels, and improved aerobic
and anaerobic capacity (6). CrossFit also has significant physiologic effects on athletes.
Nowadays, it becomes more favourable for human beings because of its physical
outcomes, taking short time for training, and its variation (4). CrossFit needs some

fundamental physical skills. These are flexibility, strength, power, stamina,



coordination, speed, agility, balance, and aerobic and anaerobic endurance (4). Balance

can be accepted as one of the most important physical skills in CrossFit (6).

Maintaining a certain position during an activity or static position be defined as
balance even when the centre of gravity is changed (10). Static balance is the ability to
maintain and keep the body’s centre of gravity in the body's base of support while
stationary. On the other hand, dynamic balance is described as keeping the body's
gravity centre during active movements or switching positions (11). Balance is affected
by three different somatosensory outputs which are the vestibular system, vision, and
proprioception. Having a proper balance is also related to athletes’ injury levels and life
quality. Balance function is affected by sensory outputs but also by the time needed for
the processing of cortex and muscle strength (10).

Muscle strength can be described as the ability to create force with muscular
units. (4) Core stabilization which is also known as core strengthening or abdominal
muscle strengthening is an essential key component of training for athletes. The core
includes many large and small muscles which are from the hip, pelvis, abdominal and
lumbar regions to achieve stabilization during functional movements (12). When a
person starts to activate the core stabilization system efficiently; the requested
distribution of forces, optimal control over the body parts, and smoothness of functional
movement through the kinetic chain happen as a result of this activation. The most
sportive activity needs perfect coordination among the lower and upper limbs. Core
stabilization supplies this interaction. It prevents athletes' bodies from moving outside
of their base of support. Athletes who have poor core stabilization or poor
neuromuscular core control are at risk for lower extremity injuries. In addition, core

strength is significant for athletes' performance (1).

The achievement of purposes by fulfilling or exceeding present standards can be
accepted as performance. Physiological and psychological parameters of athletes
influence their performance. Physiological parameters are muscular endurance, muscle
strength, agility, and muscle flexibility. In other respects, psychological parameters are
focussing, motivation and enthusiasm. Improvement in sport-specific skills,
physiological factors and psychological factors to reach the best ability level in a

determined sport type can be also another description of performance (13). Agility is a
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component of performance; it can be defined as athletes' ability for changing the
direction of their movement accurately and rapidly. This component needs quickness
which is made from the cognitive and physical ability to react (8).

It is one of the fundamental components of a competitive area. CrossFit also has
worldwide and native competitions. The biggest competition is called CrossFit Games.
The CrossFit Games are organized annually. As a result of competition "The Fittest on
the Earth™ is determined (14).

The reason for injuries related to CF usually comes from weightlifting or
gymnastic type of movements (5,15). Additionally, a retrospective study in 2018
suggests that the injury risk of CF is lower or comparable to other kinds of training
methods (16). The shoulders, lumbar spine, and knees are the most injured body parts in
CF (15,17). The musculoskeletal type of injury prevalence is %30.3. There are not
much more differences in musculoskeletal injury prevalence between CrossFit and
strength training (17). In addition, CrossFit athletes who do not take any regular
physiotherapy care and join the CrossFit program more than four days a week are more

predisposed to have the musculoskeletal type of injury (18).

Prevention of athletes from musculoskeletal injuries is the main concern of
athletes' health care professionals, coaches, and themselves. A study calculated that
approximately more than 10.000 people a day look for medical concerns for sports or
exercise-related injuries (19). Another study has data from the International Association
of Athletics Federation of World Athletics Championships suggests acute non-contact

injuries include 13% and overload injuries 44% of competition injuries (19).

Therefore, agility, balance, and core stabilization are important components of
sportive activity. Research about sport-specific agility, balance, or core stabilization can
be found in the literature (20). However, none of them gives information about the
relationship between these physical skill parameters of CrossFit Athletes. Despite the
literature research, the relationships between athletes' agility, balance, and core muscle

activation are still less clarified.



The investigation of these parameters’ relationship gains importance to prevent
athletes from injuries and give proper training and rehabilitation baseline. In this study,
we aim to define the correlation between agility, balance, and core muscle endurance in
CrossFit athletes. The second aim of the study contributes information about gender
differences between core stabilization, balance, and agility parameters in CrossFit

athletes.
Hypothesis 0 (HO):

There is no correlation between core stabilization, balance, and agility

parameters in CrossFit athletes.
Hypothesis 1 (H1):

There is a correlation between core stabilization, balance and agility parameters

in CrossFit athletes.
Hypothesis 0 (HO)

There is no gender difference between core stabilization, balance and agility
parameters in CrossFit athletes.

Hypothesis 1 (H1):

There is a gender difference between core stabilization, balance and agility

parameters in CrossFit athletes.



2. LITERATURE REVIEW

2.1. CrossFit or High-intensity Cross-Training

CrossFit can be defined in many ways. One of the ways is that it includes rapid
and ballistic movements but also other training methodologies such as functional
training, interval training, or endurance workouts can be a part of it. Additionally,
CrossFit is a kind of fitness program that includes a variant combination of
weightlifting, gymnastic type, and cardiovascular exercise at a high-intensity level with
a short resting time (5,16,15,21).

High-intensity Cross Training can be referred to as a kind of training that exceeds
the anaerobic threshold in a short to moderate time. In this training type rest is limited
and recovery is almost not allowed. This method aims to use physiological systems
more than its requirement (22). High-intensity cross-training (HICT) or “CrossFit”
combines continuously variable exercise intensities and multiple exercise
methodologies. A characteristic of HICT workouts occurs from the putting in order of
multiple exercises consecutively with no or limited rest time. Additionally, workouts
which resistance-based exercises performed at a high percentage of maximum until
failure is a consistent aerobic stimulus. CrossFit or HICT practices have been stated to
be extremely vigorous, because of their range of 90% maximal heart rate (HRmax) and
80% maximal oxygen uptake (VO2max) (23).

2.2. History of CrossFit

Greg Glassman, a former fitness coach, gymnast, and conditioner, is the founder
of CrossFit. In 1995, Greg Glassman opened the first CrossFit box. CrossFit was
designed to improve perfection in all physical missions. In the beginning, CrossFit is
developed for firefighters, military and police departments. After the increasing number
of attendances, the founder stars group lessons that are called WOD (Workout of the
Day) (4). Since its foundation, more than 10.000 affiliated gyms on worldwide
participating in growth and have been sponsored by Reebok in recent years
(24,25,26,27,28). In 2007 the first CrossFit Games was made as a worldwide

competition. The champion of this competition is called the fittest of the world (27).



2.3. Training strategies of CrossFit
The training model in CrossFit allows for a wide variance of mode, exercise,
metabolic pathway, rest, intensity, sets, and repetitions (4). In the CrossFit-based

exercise program, high-intensity training is experienced in multi-joint movements (29).

CrossFit has a generalized group training that is called Workouts of the Day
(WOD). The program of WOD is changed day by day with the CrossFit trainers. Every
WOD session takes approximately 1 hour. Specialized warm-up is added to the WOD
program before training time (28). The type of training on WOD can show variation.
The WOD can focus on strength, metabolic conditioning, weightlifting, or mixed. The
duration of WOD also varies according to the type of exercise (4,8,27).

There are four different types of interval training in CrossFit. These are AMRAP
(As Many Reps As Possible), EMOM (Every Minute on the Minute), RFT (Round for
Time), and TABATA (4).

2.3.1. AMRAP (As Many Reps as Possible)

AMRAP training model can be explained with maximum repetitions or rounds
in each period. In this model training the time completion was fixed, so the model
focused on time. Therefore, the size volume and intensity of the workout vary (8).

2.3.2. EMOM (Every Minute on the Minute)

EMOM training model is explained by performing a certain movement in one
minute within a certain total time interval. In this model after performing a certain
movement the remaining time from one minute is accepted for rest time. Therefore, the

athlete who finishes earlier rests more (8).

2.3.3. RFT (Round for Time)

RFT training model can be explained as a certain number of rounds being
practised in the shortest time. The round for time method is focused on the duty. The
aim of RFT is the complete the duty as soon as possible. In this model, the number of
rounds and repetitions were determined. Therefore, the main load does not vary (8).



2.3.4. TABATA
TABATA training model is created by Doctor Izumi TABATA. The model is a
kind of intermittent training with 20 sec. workout time and 10 sec. rest period. This

model focus on the improvement of anaerobic capacity (9).

2.4. Weightlifting and Olympic lifting training on CrossFit

The weightlifting methodology in CrossFit focuses on producing power and
control capacity on external forces. Olympic lifting can be classified as snatch and clean
and jerk. For a master ship on this kind of lift, athletes should be developed on some
kind of specialized movements such as the deadlift, split jerk, squat, and power clean.
As a result of Olympic lifting training, the greatest amount of muscle fibre is forced in a
certain sequence (4). In addition, Olympic weightlifting has an impact on health
including cardiovascular fitness capacity, improving blood pressure, and glycaemic
control (30).

2.5. Interval training on CrossFit

Interval training has an opportunity to improve the cardiovascular system
without the training side effects such as strength, speed, or power loss. In interval
training, the training program is formed with work and rest periods. Interval training is
composed according to the metabolic pathway to create energy such as phosphagen,

glycolytic or oxidative system (4).



Table 2.1: Primary Energy Systems (4).

SPRINT MID DISTANCE DISTANCE
Primary Energy Phosphagen Glycolytic Oxidative
System
Duration of Work (in 10-30 30-120 120-300
sec.)
Duration of Recovery 30-90 60-240 120-300
(in sec.)
Load: Recovery Ratio 1:3 1:2 1:1
Repetitions 25-30 10-20 3-5

CrossFit training is taken into consideration as a selection for high-intensity interval
training (HIT). HIT needs advanced level techniques through the greatest timed
training repetitions with inadequate recovery time between sets. The most critical point
is that there is an overload training with insufficient rest time (24). There are four
different types of interval training in CrossFit. These are AMRAP (As Many Reps As
Possible), EMOM (Every Minute on the Minute), RFT (Round for Time) and TABATA

(4).

2.6. Gymnastic and calisthenic training on CrossFit

Gymnastics can be classified into three groups that are acrobatic, rhythmic, and
artistic gymnastics (31). Gymnastics is a type of exercise that needs flexibility, agility,
coordination, and balance. The most important part of gymnastic training is maintaining
body control while the movement. The calisthenic movements such as rope climbs,
pull-ups, dips, handstand walking, and push-ups need a balance between the core and
extremities (4). In a way of gymnastics on CrossFit is considered as bodyweight
movements such as pull up, push up and, handstand walking. As a result of this, a

remarkable strength achievement can be produced without external forces (31).



2.7. Outcome from CrossFit

CrossFit has a significant effect on physical fitness parameters which are aerobic
fitness, body composition, muscular fitness, and flexibility (21,32). Barfield et all.
found that CrossFit participants’ have %6 greater aerobic fitness and %22 greater upper
body muscle endurance improvements than traditional fitness participants. In 2013 Smit
et al. Made over 10-week CrossFit-based high-intensity power training (HIPT) and
found that % the 3.7 body fat percentage dropped and a %1.8 VO2max level increased
(33). Because of rapid growth opportunities, CrossFit becomes a new fitness option for

many athletes.

2.8. Physiology of CrossFit

CrossFit training provides the athletes with a neuroendocrine adaptation by
hormones and neurological changes. Hormones such as testosterone growth hormone or
insulin-like growth hormone have a significant increase in athletes. The training
protocols are known to have an increasing effect on these hormones, mimicking the
hormonal alteration that is obtained by exogenous hormonal therapy without any kind
of side effects of its. (4) CrossFit training has an effect that improves the performance
of athletes who train well due to the high-intensity interval training period (34).

The advanced CrossFit athletes have a lower body fat percentage, greater muscle
morphology characteristics, peak aerobic capacity, greater lean body mass,3 min
cycling performance, and isometric strength characteristics according to recreational
CrossFit athletes and physically active controls. However, there are no differences
between recreational CrossFit athletes and physically active controls in resting
metabolic rate and hormone concentrations according to blood samples of testosterone,

cortisol, and insulin-like growth factor-1 (35).

Aerobic power, lower body endurance, upper body pull endurance and general
muscle strength can be improved by CrossFit training. Especially, compared with
traditional resistance training CrossFit has a greater effect on upper body muscle
endurance. However, it is not valid for lower body anaerobic power according to a Six-

week training period (36).



CrossFit has also another physiologic benefit on the brain-derived neurotrophic
factor which is responsible for the growth and production of neurons in three months of
training athletes. However, the irisin hormone that affects the regulation of glucose
homeostasis, spending of energy, BMI, and insulin resistance has no significant change
during this time (37).

CrossFit training for two consecutive days influences anti-inflammatory

cytokines reduction while no change in muscular power (24).

Every kind of CrossFit training can be a different physiological result. For this
reason, the differences between benchmarks of CrossFit were investigated. According
to Toledo et all. Different training strategies on CrossFit have no change on heart rate or
sexes. However, rated perceived exertion, lactate levels, and training load have

remarkable variation depending on training types (38).

In 2017, Drake et all. found that 4 weeks of CrossFit template program has an
increasing effect on the inflammatory status and decreasing effect on mood state of
performance. However, there was no change in strength, endurance, and body

composition (27).

In 2019 Podersso et all. Found that 6 months of CrossFit template program for 5
days on week has resulted in an elevation of testosterone levels especially in men,
decreasing cortisol levels, especially in a woman. In another study in 2019, Tibana et al.
found that more than 6 months of trained CrossFit athletes have elevated testosterone

land immunoglobulin A levels. However, there is no change in cortisol levels (27).

Testosterone and cortisol have an acute elevation effect after training and
maintain this elevation from 30 to 60 min. it turns to normal levels after days of
training. For a compression of the CrossFit-related over-trained syndrome athletes,
healthy men, and physically inactive controls, testosterone levels showed greater in

healthy men than over-trained athletes (39).

10



2.9. Sport-Specific Parameters of CrossFit
CrossFit guides explain the physical abilities of CrossFit with nine parameters.
These are flexibility, strength, power, stamina, coordination, speed, agility, balance, and

cardiorespiratory endurance (4).

2.9.1. Flexibility

It can be referred to as an ability for using a maximum range of motion in the
specific joint(s) for a movement. To accomplish a movement properly, athletes need a
total range of motion (4). The agonist-antagonist muscle relationship should be proper
for using the total range of motion. While the agonist muscle is contracted, the
antagonist muscle should relax and permit the agonist muscle to accomplish the range
of motion. Flexibility gains importance at this point. The level of flexibility can be

changed by race, age, and gender (40).

2.9.2. Strength

Muscle strength can be described as the ability to create force with muscular
units. Especially, the gymnastics and weightlifting types of movements need proper
core strength with specific muscle strength (4). Barfield et all. found that CrossFit
participants’ have %6 greater aerobic fitness and %22 greater upper body muscle

endurance improvements than traditional fitness participants (33).

2.9.3. Power

Power is the ability to create a maximum force for a movement (4). Power can
also be accepted as a combination of muscle strength and speed (time to accomplish a
movement). As explained, CrossFit training is accomplished in a limited period with
little or no rest. Therefore, Power is one of the main abilities of CrossFit athletes (14).

2.9.4. Stamina
Stamina is also known as endurance. It is an ability to create and sustain energy

through training. Additionally, it is also a resistance to fatigue through workouts. (4,14)
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2.9.5. Speed and Coordination

Coordination can be defined as a combination of movement patterns of the body
while performing a specific movement. It is important for the training that includes a
multi-joint movement. Speed can be defined as the accomplishment of a movement in

the shortest time. It gains importance, especially in the competitive area (4,14).

2.9.6. Agility

Agility is a component of performance; it can be defined as athletes' ability for
changing the direction of their movement accurately and rapidly. This component needs
quickness which is made from the cognitive and physical ability to react. It is one of the

fundamental components of a competitive area (8,4).

2.9.7. Balance

According to ACSM, balance performance can be accepted as a physical fitness
component. Two kinds of balance are static and dynamic balance. Static balance is the
ability to maintain and keep the body’s centre of gravity in the body’s base of support
while stationary. On the other hand, dynamic balance is described as keeping the body's
gravity centre during active movements or switching positions (11). Both static and
dynamic balance has importance in sportive activity to maintain dynamic postural

control on sport-specific tasks in competitive and non-competitive areas (41).

2.9.8. Cardiorespiratory endurance

Cardiorespiratory endurance is the capacity for oxygen delivery to muscles
through training. The athletes who have good cardiorespiratory endurance can train
longer and feel the fatigue later. This ability is also important for the prevention of
chronic illnesses such as heart disease and obesity (42). The improvement in
cardiorespiratory endurance can positively affect CrossFit athletes' respiratory ability

and blood circulation physiology (40).
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2.10. Core Stability

Core stabilization which is also known as core strengthening or abdominal
muscle strengthening is an essential key component of training for athletes (43,12). The
meaning of the core includes many large and small muscles which are from the hip,
pelvis, abdominal and lumbar regions to achieve stabilization during functional
movements (12). The lumbopelvic hip complex is created by the core. The top of this
cylinder complex is the diaphragm, and the bottom of it is the pelvic floor muscles. this

cylinder is completed with posterior muscles and abdominal muscles (44).

2.10.1. Functional anatomy and core muscles

There is two anatomical subdivision of the core muscle group that is known as
the Global system and Local system. The global system refers to quadratus lumborum,
external obliques, rectus abdominis and erector spine which are prime movers of the
trunk. It also transfers the body load among the pelvis and thorax. The local system
includes internal obliques, multifidus, pelvic floor muscles, and transverse abdominals.
However, the psoas muscle is left out by this system, it is accepted in the global system.
This system controls the single vertebral segments as a result of this control it produces
stabilization (1).

According to Bergmark, Core muscles are separated local and global. The local
muscles are the transversus abdominis and multifidus. On the other hand, global
muscles are the erector spine, Rectus abdominis, Quadratus lumborum, internal oblique

and external oblique (45).
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Table 2.2: Core Muscles Classification (45).

Local Muscles Global Muscles
Primer Muscles Seconder Muscles Rectus Abdominis
. . Obliques externus (lateral
Transversus Abdominis Internal Oblique g ( )

Multifidus External Oblique Psoas Major

. Erector spine
Pelvic Floor Muscles P

Hiocostalis [liocostalis (thoracic part)

Longissimus
Quadratus Lumborum

Diaphragm

In 2001, Mottram and Comerford create another model for core muscle
classification. This model focus on muscle function. (46) This classification has three-
part which are local stabilizers, global stabilizers, and global mobilizers. The main
difference between stabilizers and mobilizers is eccentric and concentric work. While
stabilizers control movement eccentrically, mobilizers control it concentrically.
Additionally, mobilizers have a role as shock absorbers (44). The load taken from the
core area increases from local stabilizers to global stabilizers and global stabilizers to
global mobilizers (46).

Table 2.3: Functional Classification of Core Muscles (46).

Local Stabiliser Global Stabiliser Global Mobiliser
Transversus Abdominis Obligue Abdominals Rectus Abdominis
Multifidus Spinalis [liocostalis
Psoas Major Gluteus Medius Piriformis
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2.10.1.1. Abdominal Muscles

Transversus abdominis, Rectus abdominis, Obliques internus and externus
abdominis are formed the abdominal musculature of body (47). Internal obliques are
flexing and turn the body's abdominal area to the same side. On the other hand, external
obliques flex and turn the body's abdominal area to the opposite side (48). TrA has a
great attachment to the abdominal area. Its origin includes thoracolumbar fascia, last six
costa, crista iliaca and some part of inguinal ligament (49). Its insertion can be accepted
as Linea alba. Transversus abdominis (TrA) is the deepest muscle of the core region that
generates the starting action of trunk muscles. TrA has also an important role in the
primary stabilization of trunk load on the spine (50,51,52). TrA can also be accepted as
a belt for the abdominal area through its fibre’s horizontal position. For stabilizing the
core area, TrA and multifidus muscle contraction starts 30ms earlier than upper
extremity movements and 110 ms earlier than lower extremity movements. To create an
intra-abdominal pressure that is needed for a solid spine internal oblique and TrA are
contracted together and make a hoop by the thoracolumbar fascia. On the other hand,
the movement that needs anterior pelvic tilt is controlled by external obliques muscles
(53).

External oblique (cut)

Figure 2.1: Anterior view of abdominal muscles (48).
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Median arcuate ligament
(aortic hiatus)

Medial arcuate ligament
Lateral arcuate ligament

Right crus of diaphragm Left crus of diaphragm

Transversus
abdominis (cut)

Transversus abdominis

. Quadratus lumborum
Psoas major

Psoas minor

Anterior superior
iliac spine

Figure 2.2: Posterior view of abdominal muscles (48).

2.10.1.2. Posterior Paraspinal Muscles and Quadratus lumborum

Paraspinal muscles known as the erector spine that is formed by longissimus and
iliocostalis muscle. These muscles extend from the thoracic area to the lumbar region.
The thoracic extension of these muscles creates an extensor torque while lumbar
extension creates posterior shearing force during stabilization of anterior shear of the
lumbar region. the posterior muscles are completed with the quadratus lumborum. The
Quadratus lumborum muscle acts as a stabilizer for movement with an isometric
contraction. In addition to this, it adjusts the stability according to the amount of tension

according to load (47).
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Figure 2.3: Paraspinal muscles and Quadratus Lumborum (48).

2.10.1.3. Diaphragm

The diaphragm is a dome-shaped muscle that is made by the right and left
hemidiaphragm. Its rib attachment starts from the xiphoid process and lasts six ribs. The
right hemidiaphragm extends through the anterior surfaces of the L1-L3 vertebrae and
the left hemidiaphragm extends through the anterior surface of the L1-L2 vertebrae. The
core area can be considered as a hoop. The base of this hoop is pelvic floor muscles, the
anterior aspect of this hoop is abdominal muscles, and the posterior aspect of its
paraspinal muscles and thoracolumbar fascia. In addition to this, for creating a whole
cylinder, the diaphragm muscle settles down to the top of the core area. When human
inspire diaphragm contracts and move to the abdominal area. This movement creates
pressure on the pelvic floor and eccentric contraction of abdominal muscles. At the end

of this process, intra-abdominal pressure has occurred. (53,54).
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Left dome

Right crus

Figure 2.4: Diaphragm (48).

The importance of the diaphragm is creating spinal stability in the core area by
increasing the intra-abdominal pressure (53,54). anterior aspect the of this hoop is the
abdominal muscles and the posterior aspect of its paraspinal muscles and thoracolumbar
fascia. In addition to this, for creating a whole cylinder, the diaphragm muscle settles
down to the top of the core area. When human inspire diaphragm contracts and move to
the abdominal area. This movement creates pressure on pelvic floor and eccentric
contraction of abdominal muscles. At the end of this process intra-abdominal pressure is
occurred (54). The importance of the diaphragm is creating spinal stability in the core

area by increasing the intra-abdominal pressure (53,54).

2.10.1.4. Muscles of Pelvic Floor

The pelvic floor (PF) is composed of three layers that are superficial,
intermediate, and deep layers. The superficial layer of PF is composed of superficial
transverse perineal muscles, bulbospongiosus, external anal sphincter, and
ischiocavernosus. The intermediate layer of PF is composed of deep transverse Perine
and intrinsic urethral sphincter. In addition to this, compressor urethra and
urethrovaginal sphincter are included in the woman. The deep layer of PF is composed
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of the deep levator ani, coccygeus, puborectalis, iliococcygeus, and pubococcygeus
Pelvic floor muscles are the only muscles that carry the loads transversally (55). In a
movement like carrying a load or head and shoulder flexion type of functional activities
need contraction from both abdominal muscles and pelvic floor muscles (52). As a
result of this, the coactivation between pelvic floor muscles and TrA contraction

through a movement has occurred (53,56).

Pubococcygeus
(part of levator and)

Obturator canal

Obturator internus

Tewdinous aech
{of levator ani)

Ihococcygeus
[part of levatoe ani)

Anococcygeal bgament -
tschial spine
Coccygeus
(schiococcygeus) Sacrotuberous
ligament
Pirdormis
Sacrospinous
bgament
Anterior
sacrococcygeal
ligament

|
Sacral canal Sacrum

Figure 2.5: Superior view of pelvic floor muscles (48).

2.10.1.5. Thoracolumbar Fascia
Thoracolumbar fascia can be accepted as a huge attachment point for the core
area. It acts as a separator between paraspinal muscles and abdominal muscles. There

are two models for explaining thoracolumbar fascia (53).

One of the models is the two-layer model. According to the two-layered model,
TLF is occurred by anterior and posterior layers.
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The anterior layers of TLF have a role in separating quadratus lumborum and
paraspinal muscles and it acts as an aponeurosis. On the other hand, the posterior layer
has occurred of two sheets that are deep and superficial lamina. The deep lamina covers
paraspinal muscles. On the other hand, the superficial lamina is created by latissimus
dorsi aponeurosis and is associated with the deep lamina in the lumbar area. In addition
to this, the fascia that is placed in front of the quadratus lumborum can be accepted as

an extension of the transversal fascia.

Another model for thoracolumbar fascia is the three-layered model. Three-
layered models are quite similar to the two-layer model. The posterior layer of the three-
layered model is the same as the two-layered model. However, the anterior layer of the
two-layer model is accepted as the middle layer for the three-layered model.
Additionally, the anterior layer of their layered model is considered a Transversalis

fascia from the abdominal wall (51).

Deep branch of transverse
/ cervical artery (dorsal
Infraspinatus . B e \ ! ) scapul

Figure 2.6: Thoracolumbar fascia and Latissimus Dorsi (48).
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The Thoracolumbar fascia can transfer loads between the trunk and limbs in a
movement (53). Additionally, it has the ability for taking nociceptive and proprioceptive
innervation. When the multifidus contracts and increased its tone, the Thoracolumbar
fascia creates a link and make the tension between two PSIS (Posterior superior iliac
spine). This tension leads to force closure on the sacroiliac joint and stabilizes the pelvis
of the body (51).

2.10.2. Core stabilization effect on activity

Most of the sportive activities need perfect coordination among the lower and
upper limbs. Core stabilization supplies this interaction. In addition, core strength is
significant for athletes’ performance. When a person starts to activate the core
stabilization system efficiently; the requested distribution of forces, optimal control over
the body parts and smoothness of functional movement through the kinetic chain are
happening because of this activation. It prevents athletes' bodies from moving outside of
their base of support (57). Athletes who have poor core stabilization or poor
neuromuscular core control are at risk for lower extremity injuries (58). Okada et all
explained important correlations between core muscle strength and performance of

sprinting, throwing, and jumping in young healthy individuals (1).

More than 6-week core strength training improves balance ability and core
endurance however agility might not improve at the same time (59). In contrast to this
result in 2018 Bashir et all suggest that core training increases the dynamic balance
activity and agility (2,3). Additionally, a core training program gives the athletes an

improvement in their proprioceptive activity and athletic performance (60,61).

In 2018 Szafraniec et all. showed that core stability training also has some acute
effect on athletes’ mediolateral body balance ability. Its acute effect starts after 30 min

of training and lasts at least one day (62).

2.10.3. Core biomechanism

The core region of the body has occurred of three different areas which made the
coxo-lumbopelvic complex. Local and global muscles around this complex create a
valuable link between the upper and lower extremity. The core has a key role to create

distal mobility by providing proximal stability for movement (63).
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Spinal stability system is made of three subdivisions that are active subsystem,

passive subsystem, and control subsystem (44,64).

The first subdivision is the active subsystem. The active subsystem can be
referred to as spinal muscles and tendons to create a movement, carry the load on the
trunk, and provide maintenance on spinal tissues. The second subdivision is the passive
subsystem. The passive subsystem can be referred to as the spinal column that includes
articulations, ligaments, vertebras, and joint capsules. The main importance of this
subsystem is to provide information from mechanoreceptors to the neural control
system. The third subdivision is the neural subsystem. The control subsystem or neural
subsystem provides information from different transporters such as tension on tendons
or ligaments according to an external force. The most important part of this subsystem

is providing maintenance on core stabilization by efferent and afferent stimuli (44,64).

For a generation, a movement on the trunk, firstly body activates the transverses
abdominis muscles. This activation takes 29 ms for the upper limb and 109 ms for the
lower limb (50). The main purpose of the core is explained as the generation of postural
stability on movements. Therefore, when the body is moved, muscles are activated and
create a force on the trunk. This force has equal value and opposite direction of the

force needed to move (50,63).

All processes of activation CNS activate the muscles by providing an efferent
stimulus. This stimulation made tension in the thoracolumbar fascia activate muscles

responsible for trunk stabilization and activation (50).

2.10.4. Core Stabilization and CrossFit relationship
For the Olympic lifts to be successful, force transfer is required from the centre
of the body to the distal muscle groups. To achieve this situation, core strength is

required with the potential to provide the necessary power (4,57).

2.11. Balance
Balance is a term to explain postural control in both dynamic and static
situations (65). To maintain balance sensorimotor activation is needed. This activation

gives information from the proprioceptive, visual, and vestibular systems which are
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responsible for motion, equilibrium, and spatial orientation. This sensorimotor output is
integrated into the cerebellum, cerebral cortex, and brainstem. After that, vestibula-
ocular reflex, and motor impulses such as postural adjustment have occurred as motor

output. Finally, balance is maintained (66).

The most crucial factors that affect balance ability are sensory information from
somatosensory, vestibular, and visual systems. Additionally, the motor response of the
body has a significant effect on balance ability by influencing ROM, coordination, and
strength (67). To sum up, both sensory and motor systems affect the balance

performance of human beings (67).

2.11.1. Static Balance

Static stability is related to the equilibrium in pristine conditions such as calm
stops (17). Static balance is the ability to maintain a support base with minimal
movement (68). In conclusion, static balance is the ability to maintain and keep the
body's centre of gravity in the body's base of support while stationary (11,69).

2.11.2. Dynamic balance

Dynamic balance is keeping equilibrium during any movement or recovering it
by changing body position as soon as possible (69). While creating velocity on the
multi-directional movements, for body needs to maintain the movement with proper

techniques (68).

2.11.3. Balance effect on sportive activity
According to ACSM, balance performance can be accepted as a physical fitness
component. Both static and dynamic balance has importance in sportive activity to
maintain dynamic postural control on sport-specific tasks in competitive and non-
competitive areas (41). Specific functional tasks, sport-related performance, and
postural control mechanisms of athletes also show improvements by balance training
(70). Minimum 2 weeks of balance training has a statistically significant gain in
athletes’ balance performance. Additionally, balance training has a preventative effect
on the reduction of ankle injuries which is common in sportive areas (41). Therefore,
balance and postural control training for athletes usually prefer to protect athletes from
injuries (67).
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In the comparison of swimmers, gymnasts, and soccer players' dynamic balance
ability, gymnasts have a greater ability on dynamic balance than the other two groups
(69). Another research about sports-specific balance showed that weightlifters are less
influenced by sway trajectory while performing a barbell squat with higher weights than

an amateur bodybuilder (71).

2.11.4. Relationship between balance and CrossFit

The movement in CrossFit needs a proper balance to complete the movement
with true techniques. Balance during the workout is important for athletic performance.
The most important part of the balance in CrossFit is frontal plane movements such as
kipping pull-ups, handstands, snatch, etc. The frontal plane separates the body anterior
to posterior. The balance on the frontal plane focus on the transfer of load on midfoot.
As a result of this, the balance on the frontal plane provides decreasing on injury risk by

decreasing movement errors (72).

2.12. Agility

Agility is a component of performance; it can be defined as athletes’ ability for
changing the direction of their movement accurately and rapidly (73,74,75,76).
However, agility is more than the speed of changing direction. It needs quickness which
is made from cognitive and physical ability to react especially for sudden movements.
(74). This ability gives athletes a chance to prepare and performs their best. Therefore,

agility is a key component of the sportive activity (75).

2.12.1. Parameters of agility
Determinants of agility are classified into three components: the first one is the
cognitive factors. Cognitive factors include decision-making and speed accuracy

according to visual scan, anticipation, pattern recognition, and knowledge situation.

The second one is the physical factors that include core strength, straight speed,

leg muscles’ power, strength, and reactive strength.

The third one is the technical factors that include posture, foot placement, and
adjustment of step acceleration (77).
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2.12.2. Relationship between CrossFit and Agility ability

Agility has a complex ability that includes decision-making, speed, power, and
stability. The most important part of increasing agility is neuromuscular adaptation to
the performing tasks (76). Speed and quickness are the significant parameters for agility
(78). The CrossFit training methods are high-intensity training models that are usually
against the time such as RFT. In addition to this agility provides the decreasing
transition time from a certain movement to another. Therefore, agility becomes a

valuable ability for CrossFit training methods (4).
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3. MATERIAL AND METHODS

3.1. Subjects

The sample of the study consists of athletes who specialized in CrossFit in
Istanbul, Turkey, and interested in CrossFit for more than 6 months. CrossFit athletes
who were training in CrossFit 34 institution from February to April were included in the
study.

G-Power 3.1 program is used for the determination of sample size. As a result of
this determination, the sample size is found 46 active CrossFit athletes. 22 female and
24 male athletes were included in the study. The range of age in the study group is 18-
57. The study is designed as a Cross-Sectional study.

3.1.1. Inclusion Criteria

Participating to study in a voluntarily.

Being betweenl18 -65 years old

Attending and continuing CrossFit-based sportive activity more than 6 month.

Attending and continuing CrossFit training minimum three times a week.
3.1.2. Exclusion Criteria

Having any kind of injury in last three months.

Having any kind of surgery that consists of the knee in last 6 months.

Having physical and/or mental disability

Having visual, hearing and/or verbal impairments.

Being sedentary.

Being on a treatment about any musculoskeletal injury.

Having any chronical disease.

Participants with BMI higher than 30 and correlated with unhealthy body mass

evaluation.
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Table 3.1: Flow Chart

Athletes have had injuries in
the last three months ( n=18)

The Active Athletes on Crossfit 34 (N=75)
Athletes who had surgery in

the last 6 months ( n=5)

l |:> Athletes aged below 18 (n= 6)

are excluded from the study.

/ Inclusion Of Volunteer Athletes Who Meet

The Inclusion Criteria
18-57 years
n=46
A structured Questionnaire was filled out.
The warm-up period is applied.

Female Athletes (n=22) Male Athletes (n=24)

\ "4

Assessments:

Y Balance Test, McGill Core Endurance Tests, T
Augility Test, Body Composition Analysis.

5 min of rest was given between all tests.

3.1.3. Study Protocol

The research was designed as a descriptive cross-sectional study. Thus, the
cause-effect relationship between the variables will be investigated together at the same
time at a certain time. In cross-sectional studies, analytical results representing the
researched population can be reached, since the population is studied on a selected
sample group. Due to this feature, a descriptive cross-sectional study design was
created. The use of this study design will provide cause-effect analyses between core
stabilization, balance, and agility, and obtain scientific results that represent the
researched population. The universe of the study consists of approximately 15 CrossFit
halls in Istanbul, within the scope of our specialized knowledge of CrossFit. Many

CrossFit Gyms are not open regularly during the study due to the Covid-19 pandemic.
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For this the reason, our work will take place at CrossFit 34 institution, which we have
access to, which specializes in CrossFit in Istanbul and is the first CrossFit gym in
Turkey. Athletes who have been doing CrossFit training in this institution for more than

6 months (minimum 3 days a week) constitute the sample of our study.
Table 3.2: Study Protocol

Study Protocol

5-minute Warm-up (jogging in place, jumping jack, mountain climber, burpee)

3-5 minutes Y Balance Test (Posterolateral-Posteromedial-Anterior)

5-minute rest after Y balance test

McGill Core Endurance Tests (Trunk Flexion+Trunk Extension+ Right/Left Side Planks) 5-
minute rests between endurance tests

5-minute rest after endurance test

T Agility test

Body Composition Analyses

There are some examples of daily workouts/WODs of athletes on CrossFit 34

institution.
DAY 1

32 Min — 8 Round/Set

1.Min:200 M Run
2.Min:10 Calorie Assault Bike
3.Min:18 Dumbbell Power Snatch(22.5Kg-12,5Kg) (R1-L2)

4.Min: Rest
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DAY 2

6 Round/Set- Cap Time:30 Min

5 repetition Clean Jerks (Weighted between; 60Kg-45Kg)
10 repetition Back Squat (Weighted between; 60Kg-45Kg)
15 repetition Chest to Bar Pull-Up

DAY 3

12 Min, 6 Round/Set

1.Round :5 repetition front squat (with %75 load)
2.Round:3 repetition front squat (with %80 load)

3 Round:1 repetition front squat (with%85-%90 load)
4.Round:8 repetition front squat (with%70-%75 load)
5.Round:8 repetition front squat (with%70-%75 load)
6.Round:8 repetition front squat (with%70-%75 load)
-Then-

Cap Time:23 Min

42 repetition Wall-Ball (load between 9Kg-6Kg)

21 repetition Burpee Lateral Jump

15 repetition Overhead Squat (load between 40Kg-25KgQ)
30 repetition Wall-Ball (load between 9Kg-6Kg)

15 repetition Burpee Lateral Jump

12 repetition Overhead Squat (load between 40Kg-25Kg)
18 repetition Wall-Ball (load between 9Kg-6Kg)

9 repetition Burpee Lateral Jump

9 repetition Overhead Squat (load between 40Kg-25Kg)
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All subjects were included in the Structured Questionnaire which is adapted for
the Turkish population. Before examining the subjects, they were asked to fill in this
questionnaire that contained administrative data, medical history, and current health.
After this questionnaire, the investigators explained the purpose and content of the
testing series, after which the participants were asked to sign informed consent forms.

Subsequently, each participant performed a 5 min warm-up.

3.2. EVALUATION

3.2.1. Structured Questionnaire

The structured questionnaire prepared by researchers was applied to face-to-face
interviews. The first part of the questionnaire included age, gender, height, body weight,
body mass index, hand and foot dominance, chronic diseases, and surgery experience of
volunteers. The second part of the questionnaire included sport-related factors which are
the position and type of athletic performance, frequency, and time of exercise sessions,

the matches per week, and any injuries in the last 3 months.

3.2.2. Y Balance Test

Y balance test is also known as the Modified Star Excursion Test (4). Y balance
is a reliable and validated modification of the star excursion balance test (SEBT). It
might be accepted as a functional screening tool for a variety of purposes. It can help to
understand the stability of lower extremities, progression of the rehabilitation process,
remaining deficits after injury, and differentiate the risk level of injury. Additionally, it
gives us information about the combination of strength, flexibility, balance, and

coordination (79).

The test includes 3 different directions which are anterior, posterolateral, and
posteromedial. These three directions are important in their predictiveness for available
injury risks. 4 cm or more differences between lower extremities in the anterior
direction are accepted as 2.5 times increased non-contact injury risk for an individual.
Additionally, more than % 94 variation of compound reach score is accepted as a rising
risk for injury (80). Subjects must remove their shoes. After doing this, they must stand

behind the red line and wait for instructions in the middle platform.
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Anterior Anterior

Left Stance Right Stance

Posterolateral Posteromedial Posteromedial Posterolateral

Figure 3.1: Y Balance Test Diagram (81)

The test should be performed in the following order:
1. Right Front

2. Right Posteromedial

3. Right Posterolateral

When the hands are placed firmly on the hips, the subject should touch the tip of
the finger with his right foot as far as possible and instruct them to return to the upright
position. They should then repeat this with the same foot for three successful accesses in
total. Subjects can proceed in the next test direction (i.e., posteromedial) after 3
successful accesses with each foot. The test manager must record the access distance of
each attempt to calculate the y- balance test (YBT) composite score. The test manager

takes the average of these three values and obtains a score (81).

In the final validity and reliability study conducted in 2021, the Y balance test
(YBT) showed excellent validity and reliability for both asymptomatic and chronic low
back pain participant groups, with ICC coefficients ranging from 0.99 to 1.0 for YBT

scores (82).

Y balance test results are taken as a right and left stance anterior, posteromedial,
and posterolateral score. For the understanding of total limb balance, the composite

scores right and left are used (83).

Composite Score (%cm): ((Anterior+posteromedial+posterolateral)/ (3*Limb
Length) *100) (83).
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3.2.3. Agility T Test

It is used for determining the change of direction ability of athletes. It is a
multidirectional test that includes sprinting forward, backpedalling, and lateral
shuffling. This test is accepted as a valid tool for understanding athletes'
multidirectional speed, power, and lower extremity ability of chancing direction.
Additionally, agility T-test has greatest correlation with 5m,10m sprint and shuffling
speed (r =-0.83,r=-0.92, r =- 0.75) (84).

®

5m 5m

v

10m

Figure 3.2: T agility test diagram (85).

The T-test can give us valid and reliable information about leg power, speed, and agility
which are important for recreational activities and sports performance (85). For
applying the testing protocol, tape for the measure, marking cones, and a time is needed
as equipment. Before the test, the testing procedure is explained to athletes by the
physiotherapist. The test was set up by a physiotherapist with four cones as shown in
the diagram. The athlete is placed at cone A, after starting command of the timer, the
athlete sprints to cone B and touches the cone B base with his/her right hand. Then,
turning and shuffling to it and again touching cone C base with his/her left hand. After
that, directly turn and shuffle to cone D and touches its base with his/her right hand.

Finally, athletes shuffle sideways to cone B touch its base with/her left hand, and
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backpedal to cone A. The physiotherapist stopped the timer when the athlete passes the
cone A (85).

For the T-test, when power, leg speed, and agility were examined, the in-class reliability
(ICC) was found to be 0.98 in 3 trials. Calculation of partial correlations, and evaluation
of the validity of the T-test as a measure of agility, leg strength, and leg speed, together
with the result obtained, seems to be quite reliable (86). In addition to measuring a
combination of components such as leg speed, leg strength, and agility, it has been

demonstrated to be useful to distinguish between low and high sports participation (87).

Table 3.3: The normative values of the T-test are explained in below as tables (85).

Deciles 90 80 70 60 50 40 30 20 10
Female 10.69 | 1092 | 1148 1199 | 1234 | 1273 | 13.24 | 13.69 14.23
T test ()

Male 9.45 9.82 10.06 |10.22 | 1044 |10.64 | 10.99 @ 11.22 11.69
T test (s)

Table 3.4: The Quartiles of T test are explained in below as tables (85).

Quiartiles 75 50 25
Female 11.23 12.34 13.41
Male 9.95 10.44 11.07

3.2.4. Core Stabilization Abdominal Muscle Strength Assessment

There were different kinds of tests for assessing the core stabilization such as
single-leg squat, supine or unilateral hip bridge endurance test, side bridge endurance
test, prone bridge endurance test, trunk stability test, front abdominal power test, McGill
protocol with isometric flexor-extensor-side bride endurance, plank to fatigue and
alternative trunk stability push-up test, etc. (12).
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In this examination, McGill protocol was used. It's a fast, validated, and simple
field-based screening test. McGill protocol help to understand the endurance ability of
core muscles which are also known as torso stabilizers. In this protocol, four different
tests are combined to assess the isometric endurance capability of the torso. Tests might
be aligned as trunk flexor test, left lateral trunk endurance test, trunk extensor test, and
right lateral trunk endurance test. A timer is needed as equipment for this test protocol.
The test aims to measure the time holding the torso in a stable position with given

isometric activity. Minimum 5 minutes of rest is needed between four tests (88,23).

As a result of the evaluations, the trunk flexor endurance test with an ICC value
of 0.80, the right trunk endurance test with an ICC value of 0.88, and the left trunk
endurance test with an ICC value of 0.89 show high reliability. The extensor endurance
test has a remarkably high-reliability score with an ICC value of 0.90 (23).

Table 3.5: Intra- rater reliability (ICC Scores) for core stabilization tests (23).

Intra- rater reliability (ICC Scores) for core stabilization tests

Trunk flexor test Trunk extensor test Right trunk Left trunk endurance
endurance test test
0.80 0.90 0.88 0.89

3.2.4.1. Trunk Flexor Test

The test begins in the seated position. Knees and hips are positioned in 90-
degree flexion. Additionally, arms are crossed on the front of the body, and fingers
touch the opposite shoulder. Athletes are bent on a board that has 60 degrees decline
and athletes' head is in a neutral position (89).

For starting the test, the board is pulled 10 cm back and athletes try to keep
his/her stable position as long as possible (89). Timer begins with pulling off the board

and holding times are recorded.
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3.2.4.2. Trunk Extensor Test

Athletes are positioned on the end of a bench. Iliac crest of athletes touches the
edge of the bench. Additionally, arms are crossed on the front of the body, and fingers
touch the opposite shoulder. The athletes are stabilized from their lower extremities and
positioned on the upper border of the iliac crest (90). Athletes try to keep the horizontal
position as long as possible (89,91). Timer begins with coming to the proper position

when athletes are ready and holding times are recorded (89,91).

3.2.4.3. Right and Left Lateral Trunk Endurance Test

Athletes start on a mat with a full side bridge position. Legs are extended and
the lateral side of the foot touches the ground. Shoulders and arms are aligned as shown.
The opposite arm is positioned on the side of the body. Athletes try to keep their hips in
upward and their spine in a neutral position as long as possible. In this test, hip shifting
is accepted as a test failure. Test repeats for opposite sides and time are recorded.

(92,88,91). The normative value of these tests is explained below in tables.

Table 3.6: Normative percentile data in trunk flexor test (89).

Percentile 19-29 30-39 40-49 50-59 60+
Female/Male F M F M F M F M F M
75 67 57 50 57 35 60 50 50 25 35
50 41 40 30 36 25 33 31 39 12 18
25 26 30 18 20 14 17 18 22 0 9
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Table 3.7: Normative percentile data in trunk extensor test (89).

Percentile 19-29 30-39 40-49 50-59 60+
Female/Male F M F M F M F M F M
75 173 187 150 190 116 180 160 135 76 199
50 99 124 106 119 63 120 88 98 23 79
25 56 67 65 59 40 49 31 44 10 34

Table 3.8: Normative percentile data in right lateral side bridge (93).

Percentile 19-29 30-39 40-49 50-59
Female/Male F M F M F M F M
75 83.75 13125 625 105.0 67.0 107.25  46.5 76.75
50 56.0 86.0 49.0 70.0 38.0 700 215 53.0
25 35.0 39.5 27.0 57.0 10.5 38.5 11.48 29.25

Table 3.9: Normative percentile data in left lateral side bridge (93).

Percentile 19-29 30-39 40-49 50-59
Female/Male F M F M F M F M
75 84.5 128.0 69.5 100.5 69.5 102.0 58.5 81.5
50 58.6 82.0 50.0 740 36.0 70.5 18.5 48.0
25 28.8 57.5 27.0 525 69.5 38.25 1313  25.75
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3.2.5. Body Composition Analysis

Body composition analysis will be evaluated with a 3D body scanning system.
The 3D body scanning system takes a 3D image of the person. It interactively measures
and calculates whole body anthropometric measurements, fat ratio, lean muscle mass,
BMI/BMR value, waist/hip ratio, and daily calorie needs. It provides regular monitoring
of values with advanced reporting and statistical tools. The device creates an incredibly
detailed and three-dimensional map of the body with the help of infrared rays. These
maps allow you to reach your body's fat and muscle ratios, and lean body mass results

with much greater precision compared to other measurement methods (94).

It uses 3D volume and anthropometric measurements to determine body
composition. This form of measurement is a derivative of the underwater weighing
method. In both forms of measurement, the main purpose is to find the body volume

and to determine the body fat ratio with statistical data and calculations based on this.

During the evaluation, participants are asked to remove their shoes and socks.
Then, they are asked to stand still with the arms at 30 degrees of abduction and the feet
shoulder-width apart. Images are obtained by drawing circles around the participant
with the device. As a result of the images obtained, the device performs its reporting
and analysis (94).

In the reliability study conducted for body composition analysis measurement
with 3D scanning, its in-class reliability was demonstrated to be excellent with an ICC
coefficient of 0.993 (95).

When compared to DEXA (Dual X-Ray Absorptiometry), which is accepted as
the gold standard for Body Composition analysis, three-dimensional body composition
analysis measurements (body fat ratio, lean mass, and fat mass) can be considered valid
(96,97).
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3.3. Statistical Analysis

G-Power 3.1 program is used for the determination of sample size. The total
sample size found using the G-Power program is n=46 with an effect size of 0.5, a
power of 95%, and a margin of error of 0.05, based on the percentage measurement

values of the methods to be studied.

NCSS (Number Cruncher Statistical System) 2007 (Kaysville, Utah, USA)
program was used for statistical analysis. While evaluating the study data, descriptive
statistical methods (Mean, Standard Deviation, Median, Frequency, Ratio, Minimum,
Maximum), as well as the distribution of the data, were evaluated with the Shapiro-Wilk
Test.

Kruskall-Wallis’s test in the comparison of quantitative data of three or more groups;
Mann-Whitney U test was used for comparison of two groups. Spearman's correlation
analysis was used to determine the relationship between guantitative data. Significance

was evaluated at p<0.05 levels
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4. RESULTS

The study included 46 CrossFit athletes who were actively training at CrossFit
34 Gym, Istanbul. The physical features (age, weight, height, body mass index (BMlI),

and body fat percentage of athletes are shown in Table 4.1.

Table 4.1: Physical Features of Participants

mean + SD Min-Max (Median)
Age (Year) 29,65+8,49 17-57 (28)
Height (m) 1,74+0,08 1,6-1,98 (1,75)
Weight (kg) 71,96£12,93 51-105 (70)
BMI (kg/m2) 23,6343,04 17,6-29,9 (24,05)
BFP (%) 21,47+2,88 16,2-28,6 (21,1)
RLL(m) 84,8+6,21 71-97 (86)

Data expressed as mean+tstandard deviation. BMI: Body mass index, BFP: Body

fat percentage, RLL: Right Limb Length.

Table 4.2: Distribution of Gender

N %
Gender Female 22 47.8
Male 24 52.2

N: sample size, %= percentage

While 47.8% (n=22) of the participants were female, 52.2% (n=24) were male.
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Table 4.3: Distribution of Smoking Status

N %
Smoking Status | don't drink 29 63.0
I quit 9 19.6
I am drinking 8 17.4

N: sample size, %= percentage

%63 of the participants, (n=29) said they don't drink, 19.6% (n=9) quit, and 17.4%

(n=8) said they smoke.

Table 4.4: Distribution of Previous Medical Operation Status

N %
Previous Medical Yes 11 23.9
Operation Status No 35 76.1

N: sample size, %= percentage

While 23.9% (n=11) of the participants had a previous medical operation, 76.1% (n=35)

did not.

Table 4.5: Distribution of training frequency

N %
Frequency of Doing 2-3 Times a Week 6 13.0
Sports 4-5 Times a Week 32 69.6
Everyday 8 17.4

N: sample size, %= percentage

13% (n=6) of the participants do sports 2-3 times a week, 69.6% (n=32) do sports 4-5

times a week and 17.4% (n=8) every day
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Table 4.6: Distribution of Time of joining CrossFit

N %
Time to start sports 6-12 months 8 17.4
1-3 years 16 34.8
more than 3 years 22 47.8

N: sample size, %= percentage

17.4% (n=8) of the participants began the CrossFit for 6-12 months, 34.8% (n=16) of

them were 1-3 years, and 47.8% (n=22) more than 3 years ago started the sport.

Table 4.7: Distribution of Sport Duration

N %
Sports Time 30-60 Min. 28 60.9
More than 60 18 39.1

Minutes

N: sample size, %= percentage

While 60.9% (n=28) of the participants do sports between 30-60 minutes, 39.1% (n=18)

of them do sports for more than 60 minutes.

Table 4.8: Distribution of previous Injury Status

N %
Injury Status Yes 12 26.1
No 34 73.9

N: sample size, %= percentage

While 26.1% (n=12) of the participants had an injury, 73.9% (n=34) did not.
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Table 4.9: Distribution by T-Test Ranking

N %
T-Test Ranking Modarate 23 50.0
Poor 23 50.0

N: sample size, %= percentage

50% of the participants, (n=23) t-test ranking was moderate, while 50% (n=23) were

poor.

Table 4.10: Comparison of Y Balance test variables according to gender

Male Female P value
Y A Right 73,98+8,15 | 69,03+8,09 0,117
BALANCE Left | 73,58+11,16 | 69,08+8,24 | 0,031*
TEST PM Right | 86.47+13.51 | 8136£9.71 | 0,275
Left  87,68+15,72 | 83,16x13,91 | 0,559
PL Right = 83,52+16,91  79,38+14,39 | 0,537
Left  89,65+17,01 | 78,74+18,74 | 0,090
Composite | - 90,65+20,9 92,39+9.03 0,509
Right
Composite | - 92,37+21,44 | 92,62+11,71 | 0,567
Left

Mann Whitney U Test *p<0,05 **p<0,01 Data expressed as mean =+ standard deviation

SD: Standard deviation.

n: number of participants. A=Anterior, PM=Posteromedial, PL=Posterolateral cm: centimetres

Table 4.11: Comparison of T test performance norms according to gender

Gender | n mean=SD Min-Max (Median) p
T-Test Female 22 13,96+2,08 11,53-17,95 (14,28) 0,001**
Performance  "pjq1e 24 11,63£0,99 | 10,46-14,01 (11,36)
Norms
Mann Whitney U Test *p<0,05 **p<0,01 Data expressed as mean =+ standard deviation. SD: Standard

deviation. n: number of participants.
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The age value of the average group was found to be lower than the poor group
(p=0.001; p<0.05). According to the t-test ranking, the body fat ratio value does not
show a statistically significant difference (p>0.05). It was found statistically significant
that the right-side time to completion value (right trunk endurance test value) of the
average group was higher than the weak group (p=0.001; p<0.05). The left side time to
completion value (left trunk endurance test value) of the average group was found to be
higher than the poor group (p=0.001; p<0.05). The side-bridge (each side): extension
ratio value of the average group was found to be higher than the poor group (p=0.001;
p<0.05). The composite right value does not show a statistically significant difference
according to the t-test ranking (p>0.05). The composite left value does not show a

statistically significant difference according to the t-test ranking (p>0.05)

Table 4.12: Comparison of Demographic Measurements according to gender

Gender n mean £SD Min-Max (Median) p
Age Female 22 30+10,13 17-57 (27,5) 0,921
Male 24 29,33+6,86 19-46 (28)
BMI Female 22 22.24+3,14 17,6-29 (21,65) 0,003**
Male 24 24,94+2.35 20,5-29,9 (24,6)
BFR Female 22 20,35+2,87 16,2-28,6 (19,8) 0,005**
Male 24 22,5+2,52 18,7-28,2 (21,95)
Right Limb | Female 22 83,09+4,41 71-94 (81) 0,008**
Length Male 24 8638+7.23 71-97 (88)
Body Muscle | Female 22 48,09+6,05 39,5+63,4 0,001**
Mass
Male 24 59,3+6,12 49,7+75,8
Body Muscle | Female 22 75,314+2,49 68,4+79,1 0,028*
Percentage
Male 24 73,95+2,45 68,3+79
*p<0,05 **p<0,01 Data expressed as mean + standard deviation. SD: Standard deviation. n:

number of participants, P: P-value.
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Table 4.13 Comparison of McGill Tests according to gender

Gender | n mean+SD Min-Max p
(Median)
Time to Female | 22 137,73+82,54 55-302 (104) 0,956
completion  “ale 24 122,71+71,39 61-352 (106)
(flexor)
Right side Female | 22 63,82+27,09 22-131 (65,5) 0,004**
time o Male | 24 | 103,63+4581 30-208 (120)
completion
Left side Female | 22 67,86+29,69 25-124 (75) 0,009**
time to Male |24 101,58+48,73 38-220 (120)
completion
Time to Female | 22 135,95+61,8 62-291 (120) 0,912
completion  “yjale 24 | 129,46+50,64 63-273 (128,5)
(extensor)
Flexion: Female | 22 0,95+0,26 0,38-1,43 (0,98) 0,168
extension  “npale 24 0,88+0,25 0,46-1,46 (0,95)
ratio
Right-side Female |22 0,96+0,24 0,03-1,4 (0,99) 0,232
bridge left-  "npaje 24 1,05+0,17 0,78-1,45 (1)
side bridge
ratio
Side-bridge | Female | 22 0,5+0,23 0,14-0,85 (0,44) 0,005**
(eachside):  \jale | 24 0,73+0,23 0,09-1,03 (0,68)
extension
ratio
*p<0,05 **p<0,01 Data expressed as mean =+ standard deviation. SD: Standard deviation. n: number of

participants, P: P-value.
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Table 4.14 Comparison of Y Balance Tests according to gender

Gender| n mean =SD Min-Max p
(Median)

Stance Left Female | 22 69,08+8,24 55,6-95,3 (68) 0,031*
Anterior

Male 24 73,58+11,16 54-95,3 (72,45)
Stance Left Female | 22 | 83,16+13,91 52-101,6 (87,3) 0,559
Posteromedial

Male 24 87,68+15,72 61,6-110,6 (85,6)
Stance Left Female | 22 = 78,74+18,74 31-107 (83) 0,090
Posterolateral

Male 24 89,65+17,01 56,3-114 (88,15)
Stance Right Female | 22 69,03+8,09 55-90 (71,3) 0,117
Anterior

Male 24 73,98+8.15 62-90 (73)
Stance Right Female | 22 81,36+9,71 53-98,3 (82,3) 0,275
Posteromedial

Male 24 86,47+13,51 55,3-105 (89,5)
Stance Right Female | 22 79,38+14,39 36-91,6 (84,6) 0,537
Posterolateral

Male 24 83,52+16,91 46-105 (84,3)
Composite Female | 22 92,39+9,03 57,03-100 (94,65) 0,509
Right

g Male 24 90,65+20,9 0,94-109,4 (95,65)

Composite Female | 22 | 92,62+11,71 59,5-105,1 (97,4) 0,567
Left

Male 24 92,37421,44 1,02-119,5 (96,5)

*p<0,05 **p<0,01 Data expressed as mean =+ standard deviation. SD: Standard deviation. n: number of participants,
P: P-value.

Age value does not show a statistically significant difference according to
gender (p>0.05). The lower body mass index value of the female group compared to the
male group was found to be statistically significant (p=0.001; p<0.05). It was found
statistically significant that the body fat ratio of the female group was lower than that of
the male group (respectively, p=0.001; p<0.05). It was found statistically significant that
the right limb length value of the female group was lower than that of the male group
(respectively, p=0.001; p<0.05).
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The stance left anterior value of the female group was found to be lower than the
male group (respectively, p=0.001; p<0.05). The stance left posteromedial value did not
show a statistically significant difference according to gender (p>0.05). The stance left
posterolateral value did not show a statistically significant difference according to
gender (p>0.05). The stance right anterior value did not show a statistically significant
difference according to gender (p>0.05). There was no statistically significant
difference in stance right posteromedial value according to gender (p>0.05).

The stance right posterolateral value did not show a statistically significant
difference according to gender (p>0.05). The composite right value did not show a
statistically significant difference according to gender (p>0.05). The Composite left
value does not show a statistically significant difference according to gender (p>0.05).

The time to completion (flexor) value did not show a statistically significant
difference according to gender (p>0.05). It was found statistically significant that the
right-side time to completion value of the female group was lower than that of the male
group (respectively, p=0.001; p<0.05). It was found statistically significant that the left
side time to completion value of the female group was lower than that of the male group

(respectively, p=0.001; p<0.05).

The time to completion (extensor) value does not show a statistically significant
difference according to gender (p>0.05). Flexion: extension ratio value does not show a
statistically significant difference according to gender (p>0.05). The right-side bridge:
left-side bridge ratio value did not show a statistically significant difference according
to gender (p>0.05). The fact that the side-bridge (each side): extension ratio value of the
female group was lower than the male group was found to be statistically significant
(respectively, p=0.001; p<0.05). The t-test performance norms value of the female

group was found to be higher than the male group (respectively, p=0.001; p<0.05).
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There is a positive and weakly significant relationship between age and time to
completion (extensor) (r=.317, p<0.05). There is a positive and weakly significant
relationship between age and t-test performance norms (r=,338, p<0,05). There is no
statistically significant relationship between age and body mass index, body fat
percentage, right limb length, composite right, composite left, time to completion
(flexor), right side time to completion, left side time to completion, and flexion:

extension ratio (p>0,05).

There is a positive and highly significant relationship between body mass index
and body fat ratio (r=,860, p<0,01). There is no statistically significant relationship
between body mass index and right limb length, composite right, composite left, time to
completion (flexor), right side time to completion, left side time to completion, time to

completion (extensor), flexion: extension ratio and t-test performance norms (p>0,05).

There is a positive and weakly significant relationship between body fat
percentage and right limb length (r=,349, p<0,05). There is no statistically significant
relationship between body fat percentage and composite right, composite left, time to
completion (flexor), right side time to completion, left side time to completion, time to

completion (extensor), flexion: extension ratio, and t-test performance norms (p>0,05).

There is no statistically significant relationship between right limb length and
composite right, composite left, time to completion (flexor), right side time to
completion, left side time to completion, time to completion (extensor), flexion:

extension ratio, and t-test performance norms (p>0,05).

There is a positive and highly significant relationship between composite right
and composite left (r=,782, p<0,01). There is a positive and weakly significant
relationship between composite right and flexion: extension ratio (r=,354, p<0,05).
There is no statistically significant relationship between Composite right and time to
completion (flexor), right side time to completion, left side time to completion, time to

completion (extensor), and t-test performance norms (p>0,05).

There is a positive and moderately significant relationship between Composite
left and time to completion (flexor) (r=,401, p<0,01). There is a positive and weakly

significant relationship between Composite left and flexion: extension ratio (r=,323,
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p<0,05). There is no statistically significant relationship between Composite left and
right-side time to completion, left-side time to completion, time to completion
(extensor) and t-test performance norms (p>0,05).

There is a positive and moderately significant relationship between time to
completion (flexor) and right-side time to completion (r=,478, p<0,01). There is a
positive and moderately significant relationship between time to completion (flexor)
and left side time to completion (r=,459, p<0,01). There is a positive and highly
significant relationship between time to completion (flexor) and time to completion
(extensor) (r=,672, p<0.01). There is a positive and highly significant relationship
between time to completion (flexor) and flexion: extension ratio (r=,652, p<0,01). There
is no statistically significant relationship between time to completion (flexor) and t-test

performance norms (p>0.05).

There is a positive and highly significant relationship between right side time to
completion and left side time to completion (r=,947, p<0,01). There is a positive and
moderately significant relationship between right side time to completion and time to
completion (extensor) (r=,427, p<0.01). There is a negative and highly significant
relationship between right side time to completion and t-test performance norms
(r=,620, p<0,01). There is no statistically significant relationship between right side
time to completion and flexion: extension ratio (p>0.05).

There is a positive and moderately significant relationship between left side time
to completion and time to completion (extensor) (r=,416, p<0,01). There is a negative
and highly significant relationship between left side time to completion and t-test
performance norms (r=-,655, p<0,01). There is no statistically significant relationship

between left side time to completion and flexion: extension ratio (p>0.05).

There is no statistically significant relationship between time to completion
(extensor) and flexion: extension ratio and t-test performance norms (p>0.05) There is
no statistically significant relationship between flexion: extension ratio and t-test

performance norms (p>0,05)
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5. DISCUSSION

Our study aims to define the correlation between agility, balance, and core
muscle endurance in CrossFit athletes. The second aim of the study contributes
information about gender differences between core stabilization, balance, and agility
parameters in CrossFit athletes. For this purpose, CrossFit athletes were assessed with
McGill Core Endurance Tests, Y Balance Test, T Agility Test, and Body Composition
Analysis.

In our study, The T agility tests of the athletes were examined in four main
parameters which are poor, average, good, and excellent; half of the athletes showed an
average level of agility and half a poor level of agility (Table 4.9). Any of the CrossFit
athletes included in the study were not show good or excellent agility on T-test scores
(Table 4.9). It was found significant that the age of the athletes who achieved average
success in agility parameters was younger than those who achieved a poor level of
success. Agility needs a lot of parameters such as power, stability, velocity, and change
of direction ability (74,75). In CrossFit, training movements are usually on the frontal
and sagittal plane such as snatch, clean and jerk, pull up or push up. Athletes are usually
trained with certain movements that do not need rotational directional change (72). This
might be the reason for the average and poor level of agility results. For clarification of

this opinion, an additional agility examination is needed.

The side bridge endurance tests contract the muscles on side of the core area.
These muscles primarily focus on absorbing load and creating rotational force (48). As
we explained before, the T agility test needs a great change of direction ability (74). In
our study, it was observed that CrossFit athletes with moderate agility levels had higher
side bridge endurance test scores than the poor agility level athletes. Additionally, it was
observed that the side bridge endurance: extension ratio of the athletes with average
agility level were higher than the poor group. Based on this information, it is observed
that the agility level of CrossFit athletes has a relationship with the core endurance
levels. Santos et all. investigated the relationship between core stabilization and agility

with healthy inactive participants. The study showed that there is no significant effect of
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core stability on agility. (98) Another study on Lacrosse players also supports the
findings about the relationship between core stability and agility. The study investigated
core stability, balance and agility. They found no significant relationship between them.
In our study, there is a negative correlation between right and left side core endurance
and the t-test performance scores. It means that athletes with better side core endurance
finish the t-test faster. On the other hand, there is no significant correlation between
flexor-extensor endurance parameters and agility (Table 4.13). The differences in the
results between our study and literature might be related to sport type and participants’

activity levels.

In 2016, a study investigated the relationship between core stability, dynamic
balance and jump performance in soccer players. They found that core stability has no
significant effect on dynamic balance in soccer players (100). Another study on 100
military soldiers investigated the relationship between core stability and static balance.
The study found an effect of core stability on static balance (101). As we explained
before, CrossFit was designed for the military at the beginning. It means that the
participants of the study might have an athletic baseline as CrossFit athletes have. The
similarity of results between the article and our study might be related to this reason. In
our study, the composite right score has a positive and poor correlation with the flexion:
extension ratio. Additionally, there is a positive and moderate correlation between
composite left score and flexor endurance. There is a positive and weakly significant
relationship between composite left and flexion: extension ratio. However, there is no
significant correlation between the other core endurance parameters and the composite
right and left score. Although we explain that total balance and core stability parameters
are not significantly related to each other, there is a partial relationship between balance
and core stability in our study. Therefore, the relationship between core and balance in

CrossFit players still needs additional information to clarify.

In 2017 Celik et all. made a research about the balance effect on agility in soccer
players. They found no significant effect of balance scores on agility (102). On the other
hand, a study in 2021 also investigated the relationship of balance and agility in trained
soccer players. Y balance and T agility tests were applied in the study like our study.

They found a significant relationship with strong negative correlation (103). Although
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the test parameters are similar to the article, our results have differences. These
differences might be related with the sport type. In our study, Composite right and left
scores which are total balance parameters did not have a significant relationship with
the agility level of the of athletes. In this case, no significant correlation is observed

between balance and agility levels in CrossFit athletes (Table 4.13).

In 2016, the relationship between BFP and agility, reaction time and speed on
male football players are investigated. Skinfold calliper, 50m dash test, 6x10 meters
shuttle run, and reaction time was evaluated (104). Our study is supported by the
research's results. The study found no significant relationship between BFR and agility.
In our study, the body fat ratios of the athletes also did not have a significant effect on
the agility test. Furthermore, the study shows that there is no correlation between BFR

and balance and core endurance, (Table 4.13).

When the results were examined by gender, it was observed that the body fat
ratios of female athletes were lower than male athletes. Additionally, female CrossFit
athletes have a higher body muscle percentage. The comparison of these two
composition analyses shows that gender has an effect on body composition in CrossFit
athletes. In 2020, the researchers compare the balance between genders of CrossFit
athletes with the Y Balance Test, 52 CrossFit athletes who trained on CrossFit for more
than 6 months are included in the study. There was no significant difference in
individual reach directions, but significantly more men had a composite right reach
score of less than 89.6% compared to women (99). This study supports our findings
about the gender comparison on balance. When the Y balance test parameters according
to gender were examined in our study, no significant difference was observed in all
other parameters except the left stance anterior parameter. This shows that gender does
not have a significant effect on balance in CrossFit athletes. When the agility of the
athletes participating in the study was examined by gender, it was observed that mean t-
test scores for women were classified as poor, and mean t-test scores of men were
classified as average agility levels. This shows that gender influences agility in CrossFit
athletes. According to gender, it was observed that the side bridge core endurance

scores of female athletes were lower than male athletes. However, this does not apply to
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extensor and flexor core muscle endurance. Therefore, the effect of gender on core

endurance cannot be directly explained.
The limitations of our study;

-The athlete’s training variation is one of the limitations of our study. Because of
the nature of CrossFit, the training changes day by day. All athletes are from the same

CrossFit Box. However, their training days of them have differences.

-Our study gives baseline information about CrossFit athletes and their physical

abilities. However, there is more physical ability to need research such as flexibility.

-Some of the CrossFit athletes train more than WOD program, they might be
focused on weightlifting, callisthenics, or powerlifting. Therefore, our findings might be
affected by this additional training.

Because of the pandemic, our study gives information about athletes from one
CrossFit box. To reach more general information future studies might examine different

institutes. Although our sample size has a power of 95%, it could have been higher.
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6. CONCLUSION

As a result, the study found a relationship between the side core endurance and
agility levels of CrossFit athletes. The agility levels of CrossFit athletes were observed
as average and poor in the t agility test. It was observed that the agility levels of male
CrossFit athletes were better than female CrossFit athletes Gender has been found to
influence agility in CrossFit athletes, but its effect on core stabilization cannot be

directly explained.

There was no relationship between balance and agility levels in CrossFit
athletes. Additionally, there is no impact of gender on balance parameters in CrossFit
athletes.

There is a significant relationship between core endurance and agility in
CrossFit athletes. These two parameters affect by backward to each other. Accordingly,
it means that athletes with better side core endurance finish the t-test faster and has
better agility. On the other hand, there was no significant relationship between flexor-

extensor endurance parameters and agility.

It was observed that female Crossfit athletes had low side core endurance levels
than male CrossFit athletes. However, this does not apply to extensor and flexor core
muscle endurance. Therefore, the effect of gender on core endurance cannot be directly

explained.

Body fat percentage was found lower in female CrossFit athletes than in male
CrossFit athletes. As a result of it, Gender has an effect on body fat percentage in
Crossfit athletes. In addition, the study shows that there is no relationship between BFR

and balance, core endurance, and agility.
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7.2 Appendix 2 Informed Written Consent

BILGILENDIRILMIiS SPORCU OLUR FORMU

Yeditepe Universitesi, Saghk Bilimleri Fakiiltesi, Fizyoterapi ve
Rehabilitasyon Boliimii Spor Fizyoterapisi Anabilim Dal, Yiiksek Lisans Tezi igin
hazirlanan “Crossfit sporcularinda kor stabilizasyon denge ve ceviklik parametreleri
arasindaki iliskisinin arastirilmasi” adli arastirma kapsaminda Crossfit sporcularinda kor
stabilizasyonu, denge ve ¢eviklik arasindaki iligkiyi incelemeyi planlamaktayiz.

Calismaya katilim goniilliilik esasina dayalidir. Calismaya katilmadan once
arastirmanin neden ve nasil yapilacagi, bilgilerinin nasil kullanacagin1 ve ¢alismanin
neleri igerdigini anlamaniz 6nemlidir. Liitfen asagidaki bilgileri dikkatlice okumak i¢in
zaman ayiriiz. Eger sizin i¢in acik olmayan seyler varsa ya da daha fazla bilgi almak
isterseniz liitfen bize sorunuz. Bu bilgileri okuyup anladiktan sonra arastirmaya
katilmak isterseniz formu imzalayiniz.

Aragtirmaya davet edilmenizin nedeni: Giiniimiizde Crossfit, daha iinlii ve favori
secenek haline gelmektedir ancak, literatiir calismalar1 hala crossfit i¢in yeterli agiklama
saglayamamaktadir. Bu calisma sonucunda crossfit ile ilgilenen sporcularin ¢eviklik,
denge ve kor stabilizasyon diizeyleri hakkinda bilgi edinilmesi amaglanmustir.

Arastirma kapsaminda calismaya katilmayi kabul eden goniilli bireylere
cevikligi 6lgmek amaciyla T ceviklik testi, Kor stabilizasyonu degerlendirmek i¢in
McGill kor endurans testi, dengeyi degerlendirmek i¢in Y denge testi ve viicut yag
oranini degerlendirmek i¢in viicut kompozisyon analizi uygulanacaktir. Caligmamizda
olgular kesitsel olarak degerlendirilecek, etken ve sonu¢ ayni anda gozlemlenecektir.
Aragtirmada yapilan degerlendirmelerin sonuglari yalnizca arastirma kapsamindaki
caligmalarda kullanilacaktir. Kisisel bilgiler herhangi bir amagla, kurum yoéneticileri
veya liciincii kisilerle paylagilmayacaktir.

Arastirmaya katilmay1 kabul ederseniz, degerlendirmeleriniz Fzt. Basak BICER
tarafindan yapilacak ve bulgular kaydedilecektir. Arastirma kapsaminda, girisimsel
olmayan fiziksel degerlendirmeler ve performans testleri uygulanacaktir. Caligmaya
katilmakla herhangi bir parasal yiik altina girmeyeceksiniz ve ayni sekilde bir 6deme

yapilmayacaktir. Arastirma bir kongrede ya da dergide yaym olarak kabul edilse bile
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kimliginizi ortaya ¢ikarabilecek kayitlar gizli tutulacaktir. Arastirmaya katilim tamamen
istege baghdir. Istediginiz zaman herhangi bir ceza veya yaptirrma maruz kalmaksizin
arastirmadan cekilebilirsiniz.

Degerlendirme Yontemleri

e Y Denge Testi: Katilimcilarin dinamik dengesi Y seklindeki bir platformda
degerlendirilecektir.

e McGill Kor Test: Kor bolgesinin dayaniklilik testi, derin ¢ekirdek kaslarmin
kas dayanikliligin1 degerlendiren ii¢ testin olusur. On, yan ve arka kaslarin
statik, izometrik bir sekilde kasilmasini igeren, kisi yorgunluk sergileyene kadar
omurgay1 stabilize eden, zamanli bir testtir.

e T Ceviklik Testi: Birlesik becerileri 6l¢gmekte ve miimkiin olan en hizh
zamanda
onceden planlanmis bir hareket dizisini tamamlamay1 icermektedir.

e Viicut Kompozisyon Analizi: Viicut kompozisyon degerlendirmeleri i¢in 3
boyutlu viicut kompozisyon analizi cihazi kullanilacaktir. Sabit sekilde 40
saniye durdugunuz pozisyonda cihaz kizilétesi iginlar ile viicut taramanizi
gerceklestirecek ve analizinizi raporlayacaktir.

e (Calisma ile Crossfit sporcularinda kor stabilizasyonu, denge ve atletik

performans arasindaki iligki arastirilacaktir.

SORUMLU ARASTIRMACILAR:

Prof. Dr. Feryal SUBASI — Fzt. Basak BICER
ILETIiSIM: Fzt. Basak Bicer

+90 0531 522 60 02

“CROSSFIT SPORCULARINDA KOR STABILiZASYON DENGE VE CEVIKLIK
PARAMETRELERiI ARASINDAKI ILiSKININ ARASTIRILMASI” adli bu

calismaya hicbir baski ve zorlama olmaksizin kendi rizamla katilmay1 kabul ediyorum.

Goniillii; Aciklamalar Yapan Kisi; Tamk;

Adi, Soyadi: Adi, Soyadi: Adi, Soyadi:
Telefon: Adres: Telefon:
Imza: imza: Imza:

Tarih: Tarih: Tarih:




7.2. APPENDIX 3 Structured Questionnaire for Demographic Characteristics

Katihmei Degerlendirme Formu Tarih.../..../......
1)Ad Soyad: Telefonu:

2)Cinsiyet: oKadin oFErkek

3)Yas:

4)Boy / kilo:

5)BMI

6)Viicut yag orani:

7)Dominant taraf;

El:Sag o Sol O

Ayak: Sag o Sol O

8)Medeni durumu:

o Bekar oEvli o Bosanmig o Ayri yasiyor 0 Esi 6lmiis

9)Egitim durumu:

o Okur yazar degil oilkdgretim oLise oUniversite

o Yiiksek Lisans/Doktora

10)Calisiyor musunuz?

oEvet oHayir

11)Mesleginiz:

12)Maddi durumunuz: ol000TL’den az o 1000-2000TL 02000-3000TL o3000TL
ve iizeri

13)Sosyal Giivenceniz: o Var 0Yok

14)Cocugunuz: o Var oYok Varsa ka¢ gocugunuz var?.......

15)Su an yasadigr yer: o Ev oYurt o Diger Belirtiniz......

16)Sigara iciyor musunuz? iciyorsamz ne siklikta?

Igmiyorum o I¢tim ama biraktim o iciyorum O

17)iciyorsamz ne siklikta?

Giinde 1-2 adet O Giinde 3-5 adet O Giinde 6-10 adet o
Giinde 10-20 adet O Giinde 1 paket O Giinde 1 paketten fazla o
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18)Alkol Kullaniyor musunuz?
0 Hig kullanmadim
o Az miktarda /kisa siireli(nadir)
0 Orta diizeyde/10 yildan az
0 Fazla miktarda /uzun stiredir
19) Doktor tarafindan teshisi konmus herhangi bir hastaliginiz var mm?
oEvet oHayir
20)Cevabiniz  evet ise teshis edilen hastahgimz  asagidakilerden
hangisi/hangileridir? (Birden fazla sikki isaretleyebilirsiniz)
o Kalp damar hastaliklar oKanser  oSeker Hastaligi
o Romatizma
o Ortopedik Hastalik
o Norolojik Problemler
0 Travma
o Sindirim sistemi hastaliklar1 (karaciger, mide vb.)
oYiksek tansiyon oSolunum sistemi hastaliklar1 (akciger vb.)
o Ruhsal sorunlar (depresyon, asiriyeme, kusma, gece yeme vb.)
o Kas-iskelet sistemi problemleri
o Endokrin (hormonal) hastaliklar
oVitamin ve mineral yetersizlikleri (Demir, B12 vitamini yetersizligi vb.)
o Diger (Belirtiniz)..................
21) Diizenli kullanilan ila¢ var m?
Evet o Hayir o Ilag ismi:
22)Daha once medikal operasyon gecirildi mi?
Evet o Hayr o Bolge ve islem:
23) Hic kaza gecirdiniz mi?
Evet o Hayir o
24) Kaza gecirdiyseniz ne zaman gecirdiniz?
1 yiliginde o 1 yildan 6nce o

25)Kas iskelet sistemine bagh herhangi bir agn sikayetiniz var m?

Varsa hangi bolgede?
Agrim yok O
Bel o Kalca o Diz o Ayak O
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26)Spor yapiyor musunuz? Yapiyorsaniz ne sikhkta?

Yapmiyorum O

Ayda bir kez den az o Ayda 2 kez ve fazla O Haftada 1 kez o
Haftada 2-3kez o Haftada 4-5 kez o Her giin 0
27)Spor yapiyorsaniz ne kadar zamandir?

3aydan az O 3-6ay O 6ay-lyil o 1-3yilo 3yildan fazla
m

28)Spor yapiyorsaniz yaptiginiz spor her seferinde ka¢ dakika siiriiyor?
20 dk az o 20-30 dk o 3060 dk o 60 dk. dan fazla

O

29)Herhangi bir spor dahyla ilgilendiniz mi?
o Hayir oEvet

30) Cevabiniz evet ise hangisi?
o Futbol

o Basketbol

o Voleybol

o Hentbol

O Atletizm

o Tenis

o Su topu

oYiizme

oCrossfit

25)Kas iskelet sistemine bagh herhangi bir sakatlanma gecirdiniz mi?

Evet o Hayir o

Evet ise.

Ne zaman?
Hangi bolge/ler?

Boyun 0 Sirt o Bel o Kalga o Diz o Ayak O
Tedavi sekliniz?

Varsa devam eden sikayetleriniz?
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7.3. APPENDIX 4 Y Balance Score Sheet

Score Sheet for Y Balance Test™ & Limb Length

Athlete Name:

Date:
RIGHT Limb Length:
Anterior Anterior
Stance |LEFT Stance| RIGHT
Posterclateral Posteromedial Posteromedial Posterolateral
Left Right Difference

Anterior
Posteromedial
Posterolateral

*** Difference should be less than 4 cm. for return to sport and preparticipation screening ***

Composite Score = (Anterior + Posteriomedial + P rolateral % 100
(3 xLimb Length )

Composite
Right
Left




7.4. APPENDIX 5 McGill Core Test Score Sheet

Trunk flexor endurance test
Time to completion:

Trunk lateral endurance test
Right side time to completion:

Left side time to completion:

Trunk extensor endurance test
Time to completion:

Ratio of Comparison

Criteria for Good Relationship Between Muscles

Flexion:extension

Ratio less than 1.0

Right-side bridge:left-side bridge

Scores should be no greater than 0.05 from a
balanced score of 1.0

Side bridge (each side):extension

Ratio less than 0.75

Flexion:extension ratio:

Rating: |Q/Good @ 4 Poor

Right-side bridge:left-side bridge ratio:

Rating: O|Good O Poor

Side-bridge (each side):extension ratio: Rating: O Good Q|Poor

Figure 4

McGill's torso muscular endurance test battery—record sheet
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