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ABSTRACT

THE RELATIONSHIP OF JOINT KINEMATICS DURING
COUNTERMOVEMENT JUMP WITH RELATIVE STRENGTH AND SEGMENT
PROPORTIONS IN COLLEGIATE ATHLETES

M.S., The Department of Physical Education and Sports
Supervisor: Assoc. Prof. Dr. Mustafa SOGUT

August 2025, 53 pages

The purpose of this study was to investigate the association of countermovement
jump (CMJ) kinematics with relative strength and segment proportions in collegiate
athletes. A total of thirty-six (male=16 and female=20) team sports athletes went
through anthropometric measurements, kinematic assessment using inertial
measurement units (IMU’s), and strength testing consisting of leg extension and hip
thrust exercises. The results showed a significant and positive correlation between
leg extension-to-bodyweight ratio and the maximum knee flexion angle during the
CMJ. It was also found that there is a significant and negative correlation between
the femur length to body height ratio and the maximum hip flexion angle in male
participants. Another finding was that the leg extension-to-body weight ratio was
significantly and negatively associated with the maximum hip flexion angle during
CMJ. These results suggested that relative strength and segment proportions may be
related to the CMJ strategies athletes utilized. It was concluded that both
anthropometric and strength variables should be taken into account by coaches to
create individualized programs, highlighting the value of accessible tools like

barbells, leg extension machines, and IMU’s to conduct meaningful assessments.
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Keywords: Jumping strategy, biomechanics, segment length, kinematic assessment,
joint angles



0z

UNIVERSITE SPORCULARINDA AKTIF SICRAMA SIRASINDA EKLEM
KINEMATIGININ RELATIF KUVVET VE SEGMENT ORANLARI iLE
ILISKISI

Yiiksek Lisans Tezi, Beden Egitimi ve Spor Boliimii

Danisman: Dog. Dr. Mustafa SOGUT

Agustos 2025, 53 sayfa

Bu c¢alismanin amaci tniversiteli takim sporcularinda, aktif sigrama (AS) eklem
kinematigi ile relatif kuvvet ve segment oranlarinin iligkisi arastirmaktir. Toplam 36
katilimer (erkek=16 ve kadin=20) antropometrik Ol¢limler, ataletsel l¢iim {initeleri
(IMU’lar) kullanilarak kinematik degerlendirme ve leg extension ile hip thrust
egzersizlerinden olusan kuvvet testlerini tamamlamistir. Sonuglar, AS sirasinda diz
fleksiyon acisiyla bacak ekstansiyon kuvvetinin viicut agirligmma orani arasinda
anlamli ve pozitif bir korelasyon oldugunu gostermistir. Ayrica, erkek katilimcilarin
femur uzunlugunun boy uzunluguna orami ile maksimum kalga fleksiyon agist
arasinda anlamli negatif bir korelasyon oldugu bulunmustur. Bununla birlikte,
bulgular leg extension kuvvetinin viicut agirligina oranmin, maksimum kalga
fleksiyon agis1 ile anlamli negatif bir iligki oldugunu gostermistir. Bu sonuglardan,
relatif kuvvet ve segment oranlarinin sporcularin kullandigi AS stratejileriyle iliskili
olabilecegi ortaya ¢ikmistir. Sonug olarak, bireysellestirilmis antrenman programlari
olusturulurken hem antropometrik hem de kuvvet degiskenlerinin antrenorler

tarafindan dikkate alinmasi gerektigine ve halter, leg extension makineleri ve IMU
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gibi kolay erisilebilir araglarin anlamli degerlendirmeler yapmak i¢in degerli oldugu

sonucuna varilmistir.

Anahtar Kelimeler: Sigrama stratejisi, biyomekanik, segment uzunlugu, kinematik

degerlendirme, eklem agilari
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CHAPTER 1

INTRODUCTION

Since the early times of sports science, the human body has been examined and
pushed to its limits to achieve higher levels of performance. One of the disciplines
that sports science works closely with is biomechanics. According to McGinnis
(2013), biomechanics is the study of forces and their effects on living systems.
Sports biomechanists are interested in the forces and how they affect human athletic
movement and exercise. In the athletic performance context, biomechanical analysis
provides insights into the coordination of body segments and the generation of
movement. Biomechanical analysis typically contains two sections: kinetics and
kinematics. Kinematics is the description of motion through angles, velocities, and
accelerations, while kinetics deals with forces and torques (McGinnis, 2013). For
example, the kinematic analysis of a runner would contain knee, hip, and ankle
angles during the movement, angular and linear velocities, and accelerations of the
segments. Also, trunk inclination, speed, and range of the arm swing, and the flexion
and extension of the spine would be a part of the analysis. With all this data, one can

visualize the complete motion of the individual.

The kinetic analysis, on the other hand, can give the forces created during movement
at different points in time. With the help of inverse dynamic models, which are
models that are created to estimate the torques working on different joints and
external forces by incorporating both kinetic and kinematic data, scientists can paint
the overall picture of the physics behind human movement.

Scientists and practitioners use various devices such as force plates,
electromyography (EMG), inertial measurement units (IMUs), and motion capture
systems to conduct biomechanical analyses. These technologies help them assess

1



movement mechanics in greater detail, to enhance performance, and minimize injury

risk.

In explosive sports like football, basketball, and volleyball, an athlete's ability to
produce power quickly is crucial to their performance (Cabarkapa et al., 2024; Sattler
et al., 2015). Sprinting, jumping, and change of direction are examples of movements
that call for both strength and the ability to use it rapidly. A key factor in determining

success in elite sports is this ability, also referred to as the rate of force development.

Individual differences play a fundamental role in how movement is executed. Even
among elite athletes, technical differences in various athletic movements like
sprinting, squatting, and throwing are often observed (Rauch et al., 2020; Mastalerz
and Sadowski, 2022). These differences may stem from anatomical varieties or
compensatory strategies. For example, athletes with longer femurs may adopt more
trunk lean while squatting to preserve balance and posture, while longer-legged
sprinters often cover more ground with fewer steps (Fuglsang et al., 2017; Miyashiro
etal., 2019).

One test that is frequently used to measure lower-body power and neuromuscular
preparedness is the countermovement jump (CMJ) (Liebermann and Katz, 2003).
The simplicity and repeatability of CMJ make it an invaluable tool for both applied
and research settings. Coordinated triple extension of the ankle, knee, and hip joints
is used to perform the movement. However, not every athlete depends on these joints
in the same way. One may naturally choose a wider stance or a larger knee flexion
during the descent, while another may prefer a closer stance or stiffer legs. The CMJ
technique with an upright posture, where the athletes rely on their knee extensor
muscles more, is referred to as a knee-dominant pattern, and the other strategy is
where the athletes utilize a forward-leaning trunk, relying on their hip extensor

muscles more, often referred to as a hip-dominant pattern (Seki et al., 2023).

Although CMJ has been widely studied in terms of kinetics and kinematics, the
relationship between anatomical and strength profiles and jumping strategies of

individuals remains an underexplored topic. Specifically, little is known about how
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variables like the relative strength of the muscles responsible for the CMJ
performance and the segment proportions of the lower extremities, which may

influence whether an athlete shows knee-dominant or hip-dominant patterns.

Different CMJ patterns may be the result of the variety in relative strengths of
muscles and anatomical factors. Practitioners may analyze these variables to create

training or rehabilitation programs that are better tailored to the needs of the athlete.

1.1 Purposes of the study

The purpose of this study was to investigate the relationship between joint
kinematics during CMJ with relative strength and segment proportions in collegiate
athletes. Specifically, the study aimed to determine how variations in joint angles
correlate with differences in athletes’ strength-to-bodyweight ratios and limb

segment proportions.

1.2 Research Questions

(1) What is the relationship between joint angles during the CMJ and relative
strength in collegiate athletes?

(2) What is the relationship between joint angles during the CMJ and segment
proportions in collegiate athletes?

(3) Are these relationships consistent in the male, female, and combined samples?

1.3. Hypothesis

1. It was hypothesized that the leg extension-to-bodyweight ratio would be
positively associated with the maximum knee flexion angles during the CMJ.

2: It was hypothesized that the hip thrust-to-bodyweight ratio would be positively
associated with the maximum hip flexion angles during the CMJ.

3: It was hypothesized that the femur-to-height ratio would be positively associated

with the maximum knee flexion angle during the CMJ.



4: It was hypothesized that the tibia-to-height ratio would be positively associated
with the maximum hip flexion angles during the CMJ.

1.4. Assumptions

It is assumed that the participants were adequately warmed up, performed the CMJ
with maximal effort with the correct technique, and the equipment used to measure

joint kinematics, segment proportions, and strength is valid and reliable.

1.5. Significance of the Study

Jumping strategy and its association with strength and segment proportions are an
understudied area in the literature. Past research has been done with the aim of
correlating jump technique to jump height. However, different strategies may be
utilized for similar performance outcomes even at the elite level. In this study, the
only interest was the strategy and other physical traits of the athletes. By
investigating these relationships, it seeks to open a scientific conversation to
understand why athletes utilize various jump strategies. With further research on the
topic, our understanding of joint dependence and movement technique may be
improved. Additionally, the accessibility and practicality of the instruments used in
this study, like IMUs and gym equipment, will allow strength and conditioning
practitioners to make informed decisions based on data that can be gathered outside
of laboratory settings.

1.6. Definition of Terms

Biomechanics: It is an interdisciplinary field that explains, analyzes, and evaluates
human movement (Winter, 2009).

Kinetics: Kinetic variables refer to the internal and external forces that cause
movement (Winter, 2009).

Kinematics: Kinematic variables describe the movement through angles, velocities,
and accelerations without the forces and torques that create the movement (Winter,
2009).



Segment Length: Distances between joints that specify a specific part of the body.
Segment Proportions: Ratios of different segment lengths.

Inertial Measurement Unit: Sensors that can be attached to different parts of the
body that measure the orientation, magnetic field, and acceleration through the
gyroscope, magnetometer, and accelerometer they possess (Osborn et al., 2020).

Relative Strength: The ratio of the weight lifted to the body weight of the lifter.

Collegiate Athlete: An athlete who is competing in the university league of the

country as a member of the university team.



CHAPTER 2

LITERATURE REVIEW

An extensive examination of the current literature is needed to gain insight into the
topic of interest. For the three main variables of the research, jumping kinematics,
relative strength, and segment proportions, one needs to dive into a wide variety of
study areas to be able to cover all the necessary aspects of the subject. These include
a comprehensive examination of CMJ biomechanics, the contribution of different
muscle groups to jumping, the strength levels of these muscles, individual technique
differences, and segment proportions, which should help the reader understand the
importance of potential factors that contribute to athletic movement variability. In the
first section, the contributions of different joints during the CMJ are examined. The
second section dives into the relationship between muscular strength and
biomechanics of athletic movement. The third section identifies different jumping
techniques utilized while mentioning the main kinematic and kinetic variables
observed in individuals. Lastly, the fourth section mentions previous studies that

looked at segment lengths, segment ratios, and kinematics.

2.1. Joint Contributions in the CMJ

The CMJ is a result of three joints working together: the hip, the ankle, and the knee.
There are opposing results from various studies on the relative contributions of these
joints. Bobbert et al. (1987) investigated the biomechanics of both the CMJ and the
drop jump in 13 male handballers. They used a high-speed camera and a motion
analyzer to collect the kinematics and a force plate with a four-segment model for
kinetics. They reported that the hip is 32%, the knee is 38%, and the ankle is 30%
responsible for the total work done. On the other hand, Vanezis and Lees (2005)

found different levels of contribution. They used motion capture cameras and
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reflective markers placed on 16 points on the 50 male soccer players they recruited.
Through the force plate data and 12-segment biomechanical model, they calculated
the joint contributions to be 43%, 29%, and 28% respectively, for their higher
jumping group and 41%, 31%, and 28% for their lower jumping group. The
researchers suggested that this difference may be due to the technical differences of

the participants.

In a more recent study, Xu et al. (2023) found a higher contribution of the ankle
joint, with 36% of the total positive work. Data was collected through 11 motion
capture cameras and 42 reflective markers placed on the participants. They recruited
33 physically active sports science students. They found that the hip joint contributed
17% and the knee 47%. This aligns with the findings of Hubley and Wells (1983),
who observed a 49% knee joint contribution in six physically active male university
students. These mixed outcomes can be viewed as a result of individual technique

differences.

2.2. Role of Muscular Strength on the Kinetics and Kinematics of Athletic

Movement

Lower extremity strength influences movement kinematics across various athletic
activities. Studies on this subject typically investigate kinematic variables in either
the frontal and transverse planes or the sagittal plane. Although the current study is
mainly interested in sagittal plane kinematics, examining the literature on frontal and
transverse planes may help understand the importance of strength on movement

kinematics in general.

Boling and Padua (2013) investigated the association between hip abduction,
external rotators, and extensor strength, and frontal plane kinematics in 15
individuals with patellofemoral pain. Strength tests were conducted with an
isokinetic dynamometer, and kinematics were collected with an electromagnetic
motion analysis system. They found that decreased eccentric strength of the hip
external rotators and abductors is significantly correlated with an increase in the

trunk and hip motion in the frontal plane. Another study was done on 24 collegiate
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cross-country runners and showed similar results. Ford et al. (2013) showed that hip
extensor and abductor strength are negatively correlated with the range of motion of
the pelvic obliquity and thorax axial rotation in the frontal plane and the transverse

plane, respectively.

In the sagittal plane, one study demonstrated a positive correlation between trunk
flexion and hip extensor work, as well as hip angle, in 40 recreational runners (Teng
& Powers, 2016). Researchers used a dynamometer to measure hip extensor strength
and an 1l-camera motion capture system to collect kinematics. Authors have
reported that runners with stronger hip extensors performed less knee extensor work.
Martinez et al. (2018) reported opposing results. They measured isometric strength
by placing a strap on an examination table on which the participants were positioned
for the muscle group they wanted to test. The dynamometer was placed between the
straps and the participant. The kinematics were collected through motion capture
cameras. The findings showed no correlation between isometric hip strength and

trunk, knee, and hip kinematics in 23 recreational female athletes.

Stearns et al. (2013) examined the sex differences in knee extensor and hip extensor
strength and their relationship with landing mechanics during the drop jump task.
Researchers measured the muscular strength with uniaxial force transducers strapped
to the lower limbs of the athlete. They found that the knee extensors of males were
28% stronger than those of females, while the hip extensors of males were 44%
stronger. Additionally, females exhibited a higher knee-hip extensor moment ratio
than males, indicating a greater reliance on knee extensors in females and

highlighting the influence of strength on movement execution.

Nagai et al. (2013) investigated the correlation between knee strength, landing
kinematics, and knee proprioception. Fifty physically active male participants
completed a single-leg stop-jump task, and their kinematics were collected with a
six-camera motion capture system. The stop-jump task required participants to jump
forward on one leg and then immediately upwards. They found that participants with

higher knee extension torques also showed greater knee flexion excursion, meaning



that stronger participants bent their knees more after contact, even though they had
already exhibited greater knee bend at initial contact.

While investigating sex differences in strength and lower extremity kinematics,
Lephart et al. (2002) identified a significant difference between male and female
participants in knee extension angles during landing tasks. They measured
quadriceps and hamstring strength with an isokinetic dynamometer and also
collected kinematics with electromagnetic tracking sensors. It was found that female
participants showed reduced knee flexion angles during landing and lower torque-to-
bodyweight ratios during the strength assessment. The authors suggested that this
difference might stem from relative muscular weakness in females, especially in the
quadriceps muscles. These studies highlight the relationship between lower extremity

strength and kinematics.

A systematic review by Mozafaripour et al. (2022) examined five randomized
controlled trials. The authors concluded there is moderate evidence showing that
strengthening the hip muscles may influence lower body kinematics. Out of the five
studies with opposing outcomes, the main study that the systematic review
highlighted was Jafarnezhadgero et al. (2019). They recruited 26 older males, created
experimental and control groups, and gathered both kinetic and kinematic data from
a drop landing task. After two weeks of familiarization and stretching, the
experimental group did resistance training with bands for 14 weeks under
professional guidance. Results indicated that the experimental group showed reduced
knee abduction and increased hip flexion angles. Although this study was done in

elderly males, it can shed light on the role of strength in kinematics.

2.3. Jumping Strategies and Knee/Hip Dominant Postures

Previous studies (Bobbert et al., 1987; Vanezis and Lees, 2005; Xu et al., 2023,
Hubley and Wells, 1983) that investigated the joint contributions during the CMJ
showed that there is variability between athletes in joint dependence during the CMJ.
These opposing results indicate that there exist some technical differences that

enable athletes to use their hip, knee, or ankle extensors more. In their research that
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examined joint contributions, Vanezis and Lees (2005) stated that there is significant
negative work between the knee and hip joints, meaning that as one joint works
more, the other one works less. The authors mentioned that the jump technique of

athletes shows important differences.

McErlain-Naylor et al. (2014) highlighted the effect of technique during the CMJ.
They examined the variables that best explain the variance in height in CMJ with
arm swing. They looked at kinematic variables like isometric knee extension strength
and peak torque, and peak power for three joints: ankle, knee, and hip. Also, they
captured the joint angles at their minimum and during takeoff. The findings indicated
that the three variables that explained the variance the most are peak knee power,
peak ankle power, and shoulder angle at takeoff. Since the isometric leg extension
strength only explained 18%, the authors stated that the jump technique determines

how maximal strength is utilized during the jump.

A recent study by Seki et al. (2023) explored this concept further. They investigated
kinetics during CMJ and squat jump using knee-dominant and hip-dominant
postures. The authors aimed to understand how posture affects the mechanical work
done by the muscles. Twelve healthy male sports science students performed vertical
jumps hands akimbo by either staying in a more upright posture, by letting the knees
move anteriorly over the toes an amount determined by the researchers, or a hip
dominant posture where the athlete bends over a significant amount while keeping
the knees behind the toes. The results revealed that in the knee-dominant posture,
both the mechanical work on the knee joint and the knee joint torque were higher
than in the hip-dominant posture. Similarly, in the hip-dominant posture, hip
extension torque and hip mechanical work were higher than in the knee-dominant
posture. Also, it is important to note that there is no significant difference in jump
heights between postures, showing that even with extreme techniques utilized,
performance may be the same between college students. Although participants of this
study were students, professional athletes also showed technical differences while

jumping.

Rauch et al. (2020) investigated the jumping strategies of NBA players during the
CMJ. They categorized 178 NBA players as stiff flexors, hyper flexors, and hip
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flexors depending on the posture they adopted during the downward phase of the
CMJ trials. The hip flexors went through a larger range of motion at the hip and a
smaller range of motion at the knee during the jump. The stiff flexors showed less
flexion at the ankle, knee, and hip, while the hyper flexors showed greater flexion
angles at these joints. One of the main findings was that the jump height between
these clusters showed no significant difference. The authors also found that relative
joint contributions have differed between the hip flexor cluster and the other two

clusters, with the hip flexor cluster showing greater hip joint contribution.

2.4. Segment Proportions and Kinematics

Segment proportions and their associations with movement biomechanics are a very
understudied area. Most of the existing literature focuses on the relationship between
segment lengths and performance metrics, like jump height and squat performance
(Davis et al., 2006; Cooke et al., 2019). Miyashiro et al. (2019) provided regression
equations with variables: running speed, leg length, and step characteristics. They
aimed to predict the kinematical variables of maximal sprints in 79 male sprinters.
They found that leg length changed sprint kinematics. They stated that the sprinter
with longer legs will run at the same speed as the shorter-legged sprinter through a
lower step frequency, a greater thigh angle during the foot of the contralateral side is
on the ground, greater flexion and less extension angles at the knee joint when that
leg is on the floor and a slower knee flexion during the leg swing. Although the leg
length was taken into consideration in the study design, this cannot be considered a

study on segment ratios. They only focused on the absolute leg length measurement.

Another study (McKean and Burkett, 2012) investigated the influence of segment
length and ratios on squat coordination and timing in 26 recreational athletes.
Kinematics were collected with magnetic motion trackers sampling at 120 Hz. They
found that females with longer thighs and torsos completed the squatting motion with
lower knee extension angles, meaning that they went through a greater range of
motion. Findings also indicated that in males, torso length and height are positively
correlated with greater hip extension angles during the squat, meaning that they

showed greater forward lean during the squat. The authors did not report a significant

11



relationship between segment ratios and the timing of the squat. They concluded
there is a gender difference in squat technique, which may result from the limb

length differences.
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CHAPTER 3

METHOD

3.1. Participants

Thirty-six collegiate team sport athletes (16 males, M = 24.04, SD = 2.06; 20
females, M = 22.56, SD = 1.76) aged between 20 and 28 participated in this study.
According to the G*Power (version 3.1), the sample size required for a moderate to
high effect (r = 0.45) was calculated as a minimum of 30 (power = 0.8, a = 0.05). All
participants were recruited from university basketball, flag football, American
football, and volleyball teams through direct communication with their coaches.
Inclusion criteria required athletes to complete at least one competitive year in the
university team and be injury-free from any musculoskeletal conditions in the past 6
months. Exclusion criteria involved recent surgery, pain during daily or physical
activities, and any diagnosed cardiovascular or neurological conditions. Prior to the
tests, athletes were clearly informed about the test procedures and the risks and were
reminded that they are free to withdraw from the study at any time without
consequences.Ethical approval for the study was obtained from the Human Subjects
Ethics Committee of Middle East Technical University (0283-ODTUIAEK-2024),

and written informed consent was collected from all participants before testing.

3.2. Data Collection Instruments

3.2.1. Stadiometer

A wall-mounted stadiometer (Holtain Ltd, Crosswell, Crymych, UK) was used to
measure the body height of the participants. Figure 3.1 shows the stadiometer

placement on the wall.
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Figure 3.1. Wall-mounted stadiometer.
3.2.2. Body Composition Analyzer
A bioelectric impedance analysis (BIA) device (TANITA MC-780MA, Japan)
(Figure 3.2) was used to measure body mass and body fat percentage. BIA is a

widely used method that measures body composition from the electrical resistivity of

body tissues.

Figure 3.2. TANITA MC-780MA.
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Verney et al. (2015) compared the results from TANITA MC-780 and dual-energy
X-ray absorptiometry (DXA) when measuring body fat percentage and fat-free mass
in young adults. They also compared the data based on the physical activity levels of
the participants. Results showed high levels of correlation between DXA and BIA
methods for both fat-free mass and body fat percentage. Researchers concluded that
BIA is an accurate tool to measure these variables, regardless of the physical activity

level of the individual.

3.2.3. Sliding Caliper

The sliding caliper (Figure 3.3) provided by Xsens Awinda (Netherlands) was used

to measure the required anatomical lengths.

Figure 3.3. Xsens Sliding Caliper (Retrieved from the official company website).
3.2.4. Wireless Inertial Measurement Units (IMUSs)

Xsens Awinda (Movella, Netherlands) was used to collect the kinematics (Figure
3.4). Xsens Awinda consists of 17 sensors, straps for sensor attachment, a sliding
caliper, shirts for placing the trunk sensors, a station for wireless connection with the
sensors, and the MVN Analyze software, which was used during the data collection

process.

El Fezazi et al. (2023) reported a very strong correlation between the Vicon

optoelectronic system and Xsens Awinda. They recruited three male and four female
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participants. The participants completed standardized tests where they sat, stood up,
walked, and turned around. They collected data recording at 60 Hz, and the Vicon
system used 8 cameras recording at 100 and 120 Hz. The authors stated that two
systems showed excellent agreement and acceptable accuracy when measuring knee

angles.

Nijmeijer et al. (2023) also showed high agreement in the sagittal plane joint angles
during the jumping tasks between Xsens and Vicon systems. In their study, five male
and five female participants completed various tasks, including single-leg hop,
running double-leg vertical jump, single-leg deceleration and push-off, and running
sidestep cut. Researchers used the Xsens Link system operating at 240 Hz. Results
showed an excellent correlation between the Vicon optoelectronic system and Xsens

IMU’s in the sagittal plane for all joints.

Figure 3.4. Xsens Bag carrying straps and IMU’s (Retrieved from the official
company website).

3.2.5. Leg Extension Machine

The leg extension machine in the gymnasium of the university was used. Figure 3.5

shows the machine.
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Figure 3.5. The leg extension machine used for the strength tests.

3.2.6. Barbell and Weight Plates

A 20kg Olympic-grade barbell was used for the hip thrust exercise, as shown in
Figure xx. Also, specially made weight plates were used to adjust the weights during
the tests. The weight plates were approximately five centimeters smaller in diameter
than the Olympic standard of 45cm. For the repeatability of these tests, two
platforms that are three centimeters in thickness were placed under the weights.

Figure 3.6 shows the bar and the platforms. Figure 3.7 shows the custom-made plates.

Figure 3.6. The Olympic-grade bar and the platforms.
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Figure 3.7. One of the weight plates used.
3.3. Data Collection Procedures

All tests were conducted by experienced graduate sport science students who had
previously used these instruments in earlier projects. Participants were tested in two
sessions. The first session included anthropometric measurements and kinematic data
collection. Anthropometric data were collected before the warm-up. After the
dynamic warm-up, the IMU’s were attached and calibrated. Following a couple of
familiarization attempts, kinematics were collected. Between sessions, there were
only 15-20 minutes where the participants were taken to the gymnasium of the
university. After warming up with submaximal weights, leg extension and hip thrust
strength tests were conducted. Strength test orders were randomized to remove the

order effect. The data collection process took around four weeks to complete.
3.3.1. Anthropometric Measurements

Anthropometric measurements were conducted in the Performance Laboratory of the
Department of Physical Education and Sports. The temperature in the laboratory was
20-22 °C. Body weight, body fat percentage, body height, shoulder height, hip
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height, hip width, knee height, ankle height, shoe length, shoe sole thickness, femur
and tibia lengths, and foot length were collected. Both femur and tibia lengths were
measured according to the Davis et al. (2006). Femur length was from the greater
trochanter to the lateral condyle. Tibia length was measured from the lateral joint line
of the knee to the medial malleolus. Foot length was measured while the participant
was standing, from the calcaneus to the tip of the longest toe. Shoulder height, hip
height, hip width, knee height, ankle height, shoe length, and shoe sole thickness
were measured according to the Xsens body measurements guide, used only for the

MVN Analyze software and not included in the analysis.

3.3.2. Countermovement Jump (CMJ)

All participants completed a standardized warm-up before testing, including 5
minutes of jogging on a treadmill and 5-7 minutes of dynamic stretching exercises,
in line with the Pagaduan et al. (2012) and Ryan et al. (2014) protocols. Dynamic
stretching exercises were performed rhythmically with a full range of motion for 2
sets of 20 seconds each in the following order; Straight Leg March, Butt Kicks,
Carioca, High Knees, Reverse Lunge with Twist, Power Shuffle, and Jogging with
Squats. This protocol was used to elevate body temperature and prepare the lower

limbs for explosive activity.

After completing the warm-up, wireless inertial measurement units (IMUs) from the
Xsens Awinda system were attached to the participants, sampling at 100 Hz. Sensors
were placed on the feet, thighs, lower legs, coccyx, and sternum following the
standard lower-body configuration of Xsens to capture trunk and lower limb
kinematics. After placing the sensors in the required places, the calibration process
was done with the directions of the MVN Analyze software (Movella, Netherlands).
At first, the participants stayed still in the N-position for a couple of seconds until the
application gave the signal to continue. N-position is shown as standing straight up,
looking forward, with hands resting naturally on the sides. For the next 10 seconds,
participants moved around, avoiding sudden movements. After 10 seconds, the
application gave another signal to stop and wait until the calibration process is

complete.
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Each participant then performed the CMJs under the supervision of the researcher.
Participants began in an upright stance with feet shoulder-width apart and hands on
their hips to eliminate arm swing. Figure 3.8.a. shows the starting position of the
CMJ. They were instructed to descend to a self-selected depth and immediately
perform a maximal vertical jump without pausing, as shown in Figure 3.8.b. and
3.8.c. Participants completed three jumps to familiarize themselves with the task.
After every jump, a 15-30 second rest was provided to minimize fatigue. The fourth
jump was recorded using the MVVN Analyze software. The researchers extracted the
maximum flexion angles of knees and hips reached during the eccentric phase of the
CMJ from the Excel sheet provided by the software. All testing was conducted in a

controlled environment within the Performance Laboratory.
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Figure 3.8. An athlete performing a CMJ with the IMU’s attached (a. Standing b.
Eccentric Phase c. Flight Phase).

3.3.3. Strength Testing

To assess isolated joint strength relevant to jumping biomechanics, participants
performed 5-repetition maximum (5RM) tests for the leg extension (Figure 3.9) and
barbell hip thrust (Figure 3.10) exercises. A 5RM test was chosen instead of 1RM
due to safety concerns. It has been previously discussed that the 5RM strength test is
a valid and safe option for testing maximal strength (Dohoney et al., 2002). Exercises
were chosen to represent the strength of the knee extensors and hip extensors,
respectively. Strength testing took place after the CMJ session. The order of the
strength tests was randomized to eliminate the effect of fatigue and order bias. The
leg extension was machine-based, and the barbell hip thrust was performed using a
regulation barbell and a flat bench. Leg extension was done one-legged due to the
equipment not having enough resistance to test 5RM two-legged. After completing
the test for both legs separately the result from the stronger leg was used for the
analysis. Each test began with a standardized warm-up. Participants completed
submaximal sets at progressively increasing loads, following the protocol of Ross et
al. (2022). They performed 10 repetitions at 40-50% of their known one-
repetition maximum, followed by 5 repetitions at 60—70%, and finally 3 repetitions at
80%.
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Participants were supervised throughout the tests and informed that they should use a
full range of motion from the start of the exercise. A successful repetition for the leg
extension would mean extending the knees to a complete lockout and completing the
eccentric phase of the movement in a controlled manner without the weights
touching the bottom of the weight stack. For the hip thrust, a successful repetition
was the hip completely extended with heels on the floor and in the eccentric,

lowering the bar as low as they can without touching the floor with the weights.

The heaviest load with which participants could perform five full repetitions in 3-4
trials with correct form was recorded as their 5RM for each movement. Participants
were given 3-4 minutes to rest between trials to ensure they could perform with
maximum effort. The leg extension-to-bodyweight ratio was calculated for each
athlete by dividing their 5RM single leg extension value by their bodyweight, and the
hip thrust-to-bodyweight ratio was calculated for each athlete by dividing their 5RM
hip thrust value by their bodyweight. Since the maximum load capacity of the leg
extension machine was exceeded by five of the participants, they did a maximum
repetition set with the maximum load available, which was 85 kilograms. Then,

Bryzcki's formula (1993) was used to estimate the 5RM of those participants.

Figure 3.9. An athlete performing the single-leg leg extension.
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Figure 3.10. An athlete performing the hip thrust.

3.4. Statistical Analysis

Descriptive statistics (mean + SD) were calculated for all variables, including
anthropometric measurements, results of the strength tests, and variables of the CMJ.
Q-Q plots and histograms were checked. Additionally, the Shapiro—-Wilk test,
skewness, and kurtosis were used to assess the normality of the data distributions
before conducting the correlation analysis. Pearson product-moment correlation
coefficients (r) were computed to investigate the relationships between
anthropometric variables, strength test results, and CMJ kinematic parameters. The
significance level was set at p < 0.05 for all analyses. The magnitudes of the
correlations were determined based on Hopkins et al. (2009) as small (r < 0.1),
moderate (r = 0.1 - 0.3), large (r = 0.3 - 0.5), very large (r = 0.5 - 0.7), and extremely
large (r = 0.7 - 0.9). All statistical analyses were performed using IBM SPSS
(v.26.0) for Windows (SPSS Inc., Chicago, IL).

23



Table 4.1. The descriptive statistics for anthropometric characteristics

CHAPTER 4

RESULTS

Female athletes

Male athletes

Variables (n=20) (n=16)

Mean SD Mean SD
Body height (cm) 168.76 5.66 181.39 7.00
Body mass (kg) 61.77 8.28 87.98 9.27
Body mass index (kg/m?) 21.73 3.07 26.77 2.67
Body fat percentage (%) 20.18 6.02 14.38 4.95
Femur length (cm) 41.23 1.9 45.94 2.67
Tibia length (cm) 39.88 2.96 42.56 2.38
Femur-to-height ratio 0.24 0.02 0.25 0.01
Tibia-to-height ratio 0.24 0.01 0.24 0.01

Means and standard deviations for the anthropometric characteristics of the athletes
are presented in Table 4.1. Among male participants, body mass index (BMI) ranged
from 22.44 to 32.15 kg/m?, while the chronological age ranged from 21.10 to 28.71
years. The minimum height of male participants was 164.5cm, and the maximum
was 191.5cm, with body fat percentages varying from 5.9% to 24.6%. Segment
lengths of the male participants ranged from 42cm to 52cm for the femur and 39cm
to 47cm for the tibia. The descriptive data of the female participants also showed
variance with BMI values spanning from 17.2 to 29.16, and the chronological age
ranging from 19.72 to 28.22 years. The minimum height of females was 153cm, the

maximum was 175.5cm, and the body fat percentages were between 8.7% and
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30.8%. Segment lengths spanned from 38cm to 44cm for the femur and 35cm to
44.5cm for the tibia. The femur-to-height ratio of male participants varied between
0.24 and 0.27, while the ratio range for females was from 0.23 to 0.26. The tibia-to-
height ratio ranged between 0.22 and 0.25 for males and 0.21 and 0.26 for females.

Table 4.2. Means and standard deviations for strength measurements and relative
strength ratios

Female athletes Male athletes

Variables (n=20) (n=16)
Mean SD Mean SD
Single-leg leg extension 5RM (kg) 46.00 9.95 86.94 15.12
Hip thrust (kg) 114.25 31.05 206.88 37.94
Leg extension-to-body weight ratio 0.79 0.16 0.78 0.15
Hip thrust-to-body weight ratio 1.93 0.45 1.83 0.43

The descriptive statistics for maximum strength measurements and relative strength
ratios of male and female athletes are represented in Table 4.2. Single-leg leg
extension 5RM test of male participants varied between 70kg and 123kg, with leg
extension-to-bodyweight ratio ranging from 0.7 to 1.25. Hip thrust 5SRM results were
between 150kg and 300kg for males, with the hip thrust-to-bodyweight ratio
spanning from 1.93 and 3.04. For female participants, the single-leg leg extension
5RM test results varied between 35kg and 65kg. Leg extension-to-bodyweight ratio
spanned from 0.55 to 1.12. The hip thrust 5RM test ranged between 75kg and 185kg,
with the hip thrust-to-bodyweight ratio varying from 1.27 to 2.5.

Table 4.3. The descriptive statistics for joint angles during the CMJ

Variables

Female athletes
(n=20)

Male athletes
(n=16)

Mean SD

Mean SD

Maximum knee flexion angle (°)

Maximum hip flexion angles (°)

97.91 11.34
99.99 12.60

104.62 13.21
100.32 11.34
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The means and standard deviations for the joint angles during the CMJ of male and
female collegiate athletes are given in Table 4.3. The maximum knee flexion angles
ranged from 85.30° to 133.25° for males and 82.56° to 124.80° for females. The
maximum hip flexion angles were between 85.58° and 126.40° for male participants,

and for females, they spanned from 69.50° to 128.02°.

Table 4.4. The associations of maximum knee flexion joint angles during CMJ with
relative strength and segment proportions

Knee Flexion Angle

. Female athletes Male athletes All athletes
Variables
(n=20) (n=16) (n=36)
r P r P r P
Leg extension-to-body weight ratio 0.256 0.138 0.319 0.114 0.396 0.008
Hip thrust-to-body weight ratio 0.131 0.291 -0.032 0.454 0.367 0.014
Femur-to-height ratio 0.203 0.196 -0.103 0.352 0.184 0.142
Tibia-to-height ratio -0.048 0421 -0.202 0.226 -0.122 0.240

The relationship between maximum knee flexion joint angles during CMJ with
relative strength and segment proportions in collegiate athletes is presented in Table
4.4. The results revealed a significant and moderate to large positive correlation (r =
0.396, p = 0.008) between the maximum knee flexion angle during the CMJ and the
leg extension-to-bodyweight ratio in the combined sample. The maximum knee
flexion angle is also significantly and positively correlated (r = 0.367, p = 0.014) to
the hip thrust to body weight ratio in the combined sample. The magnitude of this
correlation is moderate to large. These associations are smaller and not significant
when the analysis is conducted for each sex separately. There is no statistically

significant correlation between segment ratios and the maximum knee flexion angle.

The relationship between maximum hip flexion joint angles during CMJ with
relative strength and segment proportions in collegiate athletes is presented in Table
4.5. The results indicated that there is a significant and large negative correlation (r =

-0.529, p = 0.018) between femur-to-height ratio and hip flexion angles in male
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participants. Also, a significant and moderate to large negative correlation (r = -
0.413, p = 0.035) was found between leg extension-to-bodyweight ratio and hip

flexion angles in female participants.

Table 4.5. The associations of maximum hip flexion joint angles during CMJ with
relative strength and segment proportions

Hip Flexion Angle

Female athletes Male athletes All athletes
(n=20) (n=16) (n=36)

Variables

Leg extension-to-body weight ratio -0.413 0.035 -0.182 0.249 0.095 0.291

Hip thrust-to-body weight ratio -0.335 0.074 -0.251 0.174 -0.052 0.381
Femur-to-height ratio -0.174 0.232 -0.529 0.018 -0.254 0.067
Tibia-to-height ratio 0.170  0.237 -0.406 0.059 -0.033 0.424
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CHAPTER 5

DISCUSSION

Identifying and examining physical variables that relate to movement biomechanics
provides valuable insights into why and how athletes move the way they do. The
current study aimed to discover the relationship between joint kinematics during the
countermovement jump (CMJ) and relative strength and segment proportions in
collegiate athletes. The current literature provides limited evidence on the
relationship between CMJ kinematics and relative strength. According to the authors'
knowledge, this study was the first to investigate the association between CMJ
kinematics and segment proportions. The findings showed that there is a significant
and positive correlation of moderate to large magnitude between the knee flexion
angle during the CMJ and both relative strength measures. Also, the femur-to-height
ratio was significantly and negatively correlated with the maximum hip flexion angle
utilized during the CMJ.

Findings indicated a positive relationship between the maximum knee flexion angle
during the eccentric phase of the CMJ and the leg extension-to-bodyweight ratio of
the participants. This result supports our hypothesis. A stronger leg extension relative
to body weight is a strong indicator of knee extensor strength, which plays an
important role in CMJ. Seki et al. (2023) showed that utilizing an upright posture
with knees traveling anteriorly during the CMJ will increase the total work and the
torque created by the knee extensors. Also, Rauch et al. (2020) showed an increase in
hip joint contribution with increased hip flexion angles and decreased knee joint
contribution with reduced knee joint flexion angles. It is possible that athletes with
stronger knee extensor muscles would rely more on those muscles for the best CMJ
performance. To achieve that, athletes could have preferred to stay more upright
during the jump and to bend their knees to a greater degree. This explanation is
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supported by Nagai et al. (2013), as they showed that participants who could create
higher knee extension torques bent their knees more during the initial contact of a

stop-jump task just before the vertical jump.

The data revealed a significant and negative relationship between the maximum hip
flexion angle and leg extension-to-bodyweight ratio in females, with a correlation
magnitude of moderate to large. This finding can also be explained by joint
dependency. As knee extensors got stronger, athletes may have relied on their hip
joints less. While this correlation was statistically significant only for the female

participants, a similar trend was shown in the male participants.

Moreover, results indicated a significant positive correlation between the hip thrust-
to-bodyweight ratio and maximum knee flexion angle. One reason for this
relationship could be that the increased knee extension angle enables participants
anatomically to go into greater hip flexion angles. Without flexing the knee to the
required amount, it is harder to go into deeper ranges of motion due to hamstring
flexibility constraints and coordination. Another reason could be the positive and
significant correlation between hip extension strength and knee extension strength,
meaning that individuals who have relatively stronger hip extensors are more likely

to have relatively stronger knee extensors.

The results showed a significant and large negative association between the femur-
to-height ratio and maximum hip flexion angle in male athletes. It was hypothesized
that a relatively longer femur would be significantly correlated with a greater
maximum hip flexion angle, as in the squat (McKean and Burkett, 2012). The
discrepancy between results could have stemmed from the squat exercise requiring
athletes to balance the weight placed on their backs. To be able to squat with
additional weight, athletes need to properly adjust their postures and stance widths
according to the bar placement and the new center of mass. Another reason could be
that squat exercise requires athletes to keep their heels on the ground, but the CMJ
does not. Since athletes were free to lift their heels, they could have utilized a
technique that allows forward translation of the knee without the constraint of ankle

mobility.
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It was hypothesized that there would be a positive correlation between the hip thrust-
to-bodyweight ratio and maximum hip flexion angle. The findings, on the other
hand, showed no significant relationship between these variables. Although the joint
dependency and relative strength for the knee joint were discussed by stating that a
greater flexion angle in the knees could mean higher dependence, this may not be the
case for hip extensors. It is possible that participants with stronger hip extensors

could have utilized a stiffer jumping strategy, with smaller hip joint angles.

Data also showed a significant and positive association between leg extension-to-
bodyweight ratio and femur-to-height ratio. Although this study did not aim to
investigate the relationship between relative strength and segment proportions, we
believe this is an important outcome. Although causality in the current study cannot
be established, the significant association between an anatomical variable,
determined solely by genetics, and a variable that can be trained is an important

finding worth mentioning.

Results showed close to zero correlation between the tibia-to-height ratio and the
maximum hip flexion angle. This was contrary to the hypothesis, expecting
participants with relatively longer tibias to show greater hip flexion angles. Longer
tibias would lead to a higher knee position, requiring these participants to show
greater hip flexion to reach the same knee flexion angles as others. This hypothesis
misses the ankle dorsiflexion amounts of participants during the deepest range of
flexion and the fact that there were no constraints to keep the heels on the ground.
Another reason can be that the athletes with longer tibia-to-height ratios preferred
stiffer jumping strategies, with smaller joint angles on both the hip and the knee, with
less depth in the eccentric phase. This stiffer jumping technique is widely utilized,
even by elite athletes (Rauch et al., 2020).

There are several limitations to this study that should be mentioned. Our sample only
consists of collegiate team sport athletes and is limited in size, which restricts the
generalizability of the findings. Another limitation is the measurement techniques
used for the kinematics and muscular strength. Although IMU's show high validity,

the use of a gold standard motion capture technology would give results with higher
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validity. Also, the use of isokinetic dynamometers instead of gym equipment for
strength tests would present more reliable data. An important limitation would be the
formula used for the 5RM estimation in the leg extension. Although the significance
of findings does not change when we extracted those who did more than 5 repetitions
in the leg extension with maximum resistance, the estimation formula used presents
some error rate. Another limitation is that the menstrual cycles of the female athletes

were not taken into consideration, which may have altered the outcomes of the tests.

Future studies should use the gold standard measurement equipment with a larger
sample size, with athletes from different sports and performance levels. Also, various
types of athletic activities like drop and stop jumps, change of direction, and
sprinting should be investigated to discover whether anatomical factors and relative

muscular strength parameters have a relationship.

Findings suggest that both strength tests and anatomical variables can provide
information on the athlete's movement strategies. Since the instruments used in this
study are cheaper and thus more accessible, strength and conditioning coaches and
other practitioners could conduct biomechanical analysis on their athletes to gain
insight into what they need and create individualized training depending on the needs

of their athletes.

5.1. Conclusion

In conclusion, this study investigated how CMJ joint kinematics are related to
relative strength measures and segment proportions in collegiate athletes. The
findings indicated that both leg extensor strength and hip extensor strength are
significantly and positively correlated with the maximum knee flexion angle reached
during the eccentric phase of the CMJ. Also, a longer femur relative to height is
negatively associated with the maximum hip flexion angle reached during the
eccentric phase of the CMJ. The results contributed to the limited research on
jumping strategy and its relationship with strength and anatomical variables. The
different techniques observed in athletes can provide insight into the needs and

strengths, which should help practitioners during their assessments. While the results
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are informative, several limitations should be noted, including sample size,
instrumentation, and the strength assessment method. Future studies should focus on
a bigger sample size recruited from various sports and collect data with more
advanced instruments. Since the equipment used in the study is easy to access and
affordable, coaches can conduct similar analyses without advanced and expensive

tools.
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B. TURKISH SUMMARY / TURKCE OZET

1. GIRIS

Spor biliminin ilk dénemlerinden itibaren insan bedeni daha yiiksek performans
seviyelerine ulagmak i¢in incelenmis ve sinirlar1 zorlanmistir. Bu alanin yakin iligkili
oldugu disiplinlerden biri biyomekaniktir. McGinnis’e (2013) goére biyomekanik,
kuvvetlerin kendilerinin ve bu kuvvetlerin canli sistemler iizerindeki etkilerinin
incelenmesidir. Spor biyomekanikgileri, kuvvetlerin atletik hareketler ve
egzersizlerdeki etkilerini arastiir. Bu baglamda biyomekanik analiz, viicut
segmentlerinin koordinasyonu ve hareketin nasil {iretildigi hakkinda 6nemli bilgiler

sunar.

Biyomekanik analiz iki ana bdoliime ayrilir. Kinematik ve kinetik. Kinematik,
hareketin ag1, hiz ve ivme gibi ozelliklerini tanimlar. Ornegin bir kosucunun
kinematik analizi diz, kalga ve ayak bilegi acilarini, segmentlerin hizlarin1 ve
ivmelerini, gévde egimini, kol salimimini ve omurga hareketlerini igerir. Kinetik
analiz ise hareket sirasinda ortaya c¢ikan kuvvetleri ve momentleri igerir. Ters
dinamik modeller yardimiyla hem kinematik hem de kinetik veriler kullanilarak

eklemlerdeki torklar ve dis kuvvetler de tahmin edilebilir.

Bu analizler genellikle kuvvet plakalari, elektromiyografi (EMG), ataletsel 6lgiim
tiniteleri (IMU) ve hareket yakalama sistemleri gibi cihazlarla yapilir. Bu teknolojiler
sayesinde sporcularin hareket mekanikleri ayrintili bigimde degerlendirilebilir,

performans artirilabilir ve sakatlik riski azaltilabilir.

Futbol, basketbol ve voleybol gibi patlayici giic gerektiren sporlarda sporcunun kisa
siirede yliksek kuvvet iiretebilmesi performansin temel belirleyicisidir (Cabarkapa ve
ark., 2024; Sattler ve ark., 2015). Sprint, sicrama ve yon degistirme gibi hareketler

hem kuvveti hem de bu kuvvetin hizla kullanilmasini gerektirir. Bu 6zellik genellikle
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kuvvet tiretim hizi olarak adlandirilir. Ancak elit sporcular arasinda bile sprint, squat
veya atig gibi hareketlerde teknik farkliliklar gozlemlenir (Rauch ve ark., 2020;
Mastalerz ve Sadowski, 2022). Bu farkliliklar ¢cogunlukla anatomik cesitliliklerden
veya telafi stratejilerinden kaynaklanir. Ornegin uzun femura sahip sporcular squat
sirasinda dengeyi korumak i¢in daha fazla gévde egimine bagvurabilir veya uzun
bacaklt sprinterler ise daha az adimla daha fazla mesafe katedebilir (Fuglsang ve

ark., 2017; Miyashiro ve ark., 2019).

Alt ekstremite giiciinii ve noromiiskiiler hazirligi 6lgmek i¢in en sik kullanilan
testlerden biri aktif sigrama (AS)’dir (Liebermann ve Katz, 2003). Basitligi ve
giivenilirligi nedeniyle hem saha uygulamalarinda hem de arastirmalarda 6nemli bir
yontemdir. AS sirasinda ayak bilegi, diz ve kal¢a koordineli sekilde ekstansiyon
gergeklestirir. Ancak her sporcu ayni stratejiyi kullanmaz. Bazilar1 daha dik bir durus
ve daha fazla diz fleksiyonu ile diz dominant, bazilar1 ise gévde egimini artirarak
kalga ekstansorlerine daha ¢ok yiiklenen kalga dominant bir teknik kullanir (Seki ve
ark., 2023).

AS lzerine ¢ok sayida kinematik ve kinetik calisma yapilmis olsa da,
bireylerin anatomik oranlar1 ve relatif kuvvet profilleriile tercih ettikleri sigrama
stratejileri arasindaki iligski heniiz yeterince arastirllmamistir. Bu tiir iliskilerin ortaya
konulmasi, antrenman ve rehabilitasyon programlarinin sporcularin ihtiyaglarina

daha uygun bi¢imde uyarlanmasina katki saglayacaktir.

2. LITERATUR TARAMASI

2.1. AS’de Eklemlerin Katkilari

Aktif sigrama (AS), kalga, diz ve ayak bilegi eklemlerinin koordineli bicimde kuvvet
ve is iiretmesine dayanan ¢ok eklemli bir harekettir. Literatiirde farkli katilimei
gruplarinda eklem katkilarimin degiskenlik gosterdigi ve bunun da teknik
farkliliklardan kaynaklanabilecegi vurgulanmaktadir. Bobbert ve ark. (1987), Erkek
hentbolcularda, yiiksek hizli kamera ve hareket analizi ile kinematik degiskenleri,

kuvvet platformu ve dort segmentli model ile de kinetik degiskenleri hesaplanmustir.
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Pozitif mekanik isin eklem katkilari kalca %32, diz %38, ayak bilegi
%30 bulunmustur. Vanezis ve Lees (2005) ise 50 erkek futbolcu, 12 segmentli model
kullanarak, kuvvet platformu ve 16 yansitic1 isaretleyici ile incelenmistir. Daha
yiiksege si¢crayan grupta eklem katkilar1 kalga %43, diz %29, ayak bilegi %28 olarak
bildirilerken daha algak sigrayan grupta kalga %41, diz %31, ayak bilegi %28 rapor
edilmistir. Calisma ayrica kalca ve diz eklemleri arasinda negatif bir is iligkisi
gostererek “biri daha ¢ok is yaparken digerinin daha az is yaptigini” belirtmis ve
sigrama teknigindeki bireysel farkliliklara dikkat ¢ekmistir. Xu ve ark. (2023)
aragtirmalarinda 11 kamera, 42 isaretleyici kullanarak 33 fiziksel olarak aktif beden
egitimi Ogrencisinde, pozitif isin dagilimi ayak bilegi %36, kalca %17, diz
%47 olarak rapor etmistir. Hubley ve Wells (1983) ise alt1 aktif erkek tiniversite

ogrencisinde diz ekleminin pozitif ise katkisin1 %49 olarak gostermistir.

Bu bulgular birlikte degerlendirildiginde, AS
performansinda diz ve kalca eklemlerinin baskin rolii dogrulanmakla birlikte, eklem
katk1 oranlarinin ornekleme, teknik ve Ol¢lim yaklasimina gore degisebildigi
goriilmektedir. S6z konusu degiskenlik gosteren sonuglar, sporcularin bireysel teknik

farkliliklar ile agiklanabilir.

2.2. Atletik Hareketin Kinetik ve Kinematiginde Kas Kuvvetinin Rolii

Kas kuvveti, c¢esitli sportif hareketlerde kinematikleri 6nemli Olgiide etkiler.
Literatiirde bu iligki hem sagittal diizlemde hem de frontal ve transvers diizlemlerde
incelenmistir. Boling ve Padua (2013), patellofemoral agr1 sendromu olan 15 bireyde
kalca abdiiktor, dig rotatdr ve ekstansor kuvvetini frontal diizlem kinematikleriyle
iliskilendirmis, eksantrik kuvvet azalmasmin da gévde ve kalca hareketlerinde artisla
iliskili oldugunu gostermistir. Benzer sekilde Ford ve ark. (2013) de kalca ekstansor
ve abdiiktdr kuvvetinin, pelvis egikligi ve govde rotasyonu hareket agikligiyla
negatif iliskili oldugunu gostermistir. Sagittal diizlemde ise Teng ve Powers (2016),
40 kosucuda kalga ekstansor kuvvetinin govde fleksiyonu ve kalca agisiyla pozitif
iliskili oldugunu, daha giiglii bireylerin de diz ekstansdrlerine daha az yiik bindigini

raporlamistir. Buna karsin Martinez ve ark. (2018), 23 kadin sporcuda izometrik
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kalca kuvvetini incelemisglerdir ve govde, diz ve kal¢a kinematikleri arasinda iliski

bulmamastir.

Kuvvetin sigrama ve inis mekanigine etkisi farkli ¢alismalarla ortaya konmustur.
Omegin Stearns ve ark. (2013), erkeklerin diz ve kalca ekstansorlerinin kadinlara
kiyasla sirasiyla %28 ve %44 daha giiclii oldugunu, kadinlarin ise inislerde diz
ekstansorlerine daha fazla yiik bindirdigini gostermistir. Nagai ve ark. (2013), daha
yiiksek diz ekstansiyon torku gosteren erkeklerin tek bacak dur-sigra gorevinde inis
sonrast daha fazla diz fleksiyonu yaptigini bulmustur. Lephart ve ark. (2002),
kadinlarin inislerde daha diisiik diz fleksiyonu gosterdigini ve kuvvet/beden agirligi
oranlarinin daha az oldugunu raporlamistir. Son olarak Mozafaripour ve ark. (2022)
tarafindan yapilan sistematik derleme, kalga kaslarmin kuvvetlendirilmesinin alt
ekstremite kinematiklerini degistirebilecegine dair orta diizeyde kanit oldugunu
vurgulamis. Derlemedeki en 6nemli arastirma olan Jafarnezhadgero ve ark. (2019),
diren¢ bandi ile yapilan 14 haftalik antrenman sonrasi1 yash erkeklerde diz
abdiiksiyonunun azaldig1, kalga fleksiyonunun da arttig1 gosterilmistir. Bu bulgular,

kuvvetin hareket kinematigi iizerindeki ¢esitli etkisini ortaya koymaktadir.

2.3. Sicrama Stratejileri ve Diz/Kal¢a Dominant Postiirler

Seki ve ark. (2023), tiniversite 6grencilerinde hem diz dominant, yani gévdenin daha
dikken dizlerin parmaklarin sagittal diizlemde 6niine ge¢gmesine izin verilen, hem de
kal¢a dominant, govdenin belirgin 6ne egildigi ve dizlerin parmaklarin gerisinde
tutuldugu, postiirleri manipiille ederek AS ve squat sicrama kinetigini
karsilastirmistir. Diz dominant postiirde diz eklemi tizerindeki torku ve mekanik
151 daha yiiksek, kalga dominant postiirde ise kalga ekstansiyon torkun ve mekanik
isin daha yiiksek oldugu bulunmustur. Bu esnada sigrama yiiksekligi postiirler
arasinda anlamli farklihk gOstermemistir, bu da farkli teknikler kullanilsa

bile performansin benzer kalabildigini isaret etmektedir.

Rauch ve ark. (2020), 178 aktif NBA oyuncusunu AS sirasinda kullandiklari
stratejiye gore “stiff flexors”, “hyper flexors”, “hip flexors” seklinde kiimelere

ayrrmugtir. Hip flexors kiimesi, kalcada daha genis ama dizde daha simirli hareket
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aralig1 gostermislerdir. Stiff flexors daha az ve hyper flexors daha fazla diz ve kalga
fleksiyon gostermistir. Kiimeler arasinda sigrama yiiksekligi farkli ¢ikmamistir

ancak kalga katkisi, hip flexor kiimesinde digerlerine gore daha yiiksektir.

Bu iki ¢alisma birlikte degerlendirildiginde, strateji se¢iminin ve postiiriin eklem
torku ve mekanik is dagilimimi degistirdigi, ancak performans Glgiitii olan sigrama

yiiksekliginin her zaman farklilasmayabilecegi anlasilmaktadir.
2.4. Segment Oranlar: ve Kinematik

Bu alan, literatiirde az ¢aligilmig bir konudur ve segment oranlari ile hareket
biyomekanigi arasindaki iligkileri dogrudan inceleyen g¢alismalar sinirlidir. Mevcut
kanitlar, segment uzunluklarinin kullanilan  sicrama  tekniginin eklem ac1

kaliplar tizerinde etkili olabilecegini diisiindiirmektedir.

Ornegin, squat kinematigini inceleyen bir ¢alismada 120 Hz manyetik hareket
izleme sistemi kullanilmig, femur ve gévdesi daha uzun olan kadinlar hareketi daha
genis hareket araligi ile tamamladigi, erkeklerde ise hem gévde uzunlugu hem de
boy uzunlugunun, gévdenin 6ne daha fazla egilmesi ile pozitif iliskili bulundugu
rapor edilmistir. Segment oranlari ile zamanlama arasinda anlamli  bir iliski
bildirilmemis ve cinsiyete baglh teknik farklarin, ekstremite

uzunluklarindan kaynaklanabilecegi tartigiimistir.

3. YONTEM
3.1. Katihhmcilar

Calismaya, yaglar1 18 ile 28 arasinda degisen toplam 36 iiniversiteli takim sporu
sporcusu (16 erkek, 20 kadin) goniillii olarak katilmistir. Katilimeilarin tamami aktif
olarak antrenman yapan, son alt1 ay i¢erisinde alt ekstremiteyi etkileyen herhangi bir
sakatlik gecirmemis bireylerden secilmistir. Calisma Oncesinde tiim katilimcilara
arastirmanin amaci, prosediirleri ve olasi riskleri hakkinda ayrintili bilgi verilmis ve
yazili onam formu imzalatilmistir. Calisma igin, ilgili tiniversiteden etik kurul onay1

alinmustir.
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3.2. Genel Prosediir

Veri toplama siireci tek bir giinde, iki ayri oturumda gergeklestirilmistir. Birinci
oturumda antropometrik Ol¢iimler ve AS kinematik verileri toplanmistir, ikinci
oturumda da kuvvet testleri yapilmistir. Oturumlar arasinda yaklasik 20 dakika siire
vardir. Tiim Olglimler standartlagtirllmis cevresel kosullarda (~23°C sicaklikta)

yapilmustir.

3.3. Antropometrik Olgiimler

Boy uzunlugu stadiometre (Seca 213, Hamburg, Almanya) kullanilarak ¢iplak ayakla
Olglilmiistiir.  Viicut kompozisyonu o6lgimleri TANITA MC-780MA biyolojik
empedans analiz cihazi ile gergeklestirilmis ve viicut agirhigr (kg), yag yiizdesi (%)
degerleri toplanmigtir. Segment uzunluklari, Xsens ayarlanabilir metre kullanilarak
Ol¢iilmiis ve femur, tibia, gévde ve ayak uzunluklar1 belirlenmistir. Segment
uzunluklarinin  boy uzunluguyla oranlari, 6l¢iim degerlerinin boy uzunluguna

boliinmesiyle hesaplanmigtir.

3.4. Kinematik Olciimler

AS kinematik verileri, Xsens Awinda ataletsel dl¢iim fiiniteleri (IMU) kullanilarak
elde edilmistir. IMU’lar, {iretici firmanin Onerilerine uygun olarak su bolgelere
yerlestirilmistir: her iki ayak tistiine, her iki uylugun orta kismina, her iki alt bacagin
orta kismina, sakrumun iistiine ve sternuma. Olciimler 6ncesinde, sensorler Xsens

MVN yazilimi araciligiyla kalibre edilmistir.

3.5. Isinma ve Test Protokolii

Her iki oturumda da katilimcilar standartlastirilmis bir 1sinma tamamlamistir. Isitnma
5 dakika hafif tempo kosu, ardindan alt ekstremite i¢cin dinamik esneme hareketleri
seklinde gergeklestirilmistir. AS testinde katilimcilar eller belde pozisyonunda
sigcrama yapmustir. Her bir katilimciya {i¢ adet deneme tekrar1 yaptirilmig, dordiincii

deneme kayit altina alinmistir. Analizde, eksantrik fazdaki maksimum diz fleksiyon
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acis1 ve maksimum kalga fleksiyon acisi temel kinematik parametreler olarak

kullanilmistir.

3.6. Kuvvet Testleri

Alt ekstremite kuvvet Ol¢timleri leg extension ve hip thrust egzersizleri ile
yapilmistir. Leg extension testi katilimecmnin iki bacagi da ayr1 ayr test edildikten
sonra daha kuvvetli bacaginin sonucu kullanilarak gergeklestirilmistir. Hip

thrust testi, 20 kg Olimpik bar ve sehpa kullanilarak yapilmistir.

Her iki testte de 5 Tekrar Maksimum (5TM) protokolii uygulanmistir. Katilimeilar,
yaklagik 3-5 tekrar yapabilecekleri agirliklarla baslamis ve yiikler, denemeler
arasinda 3-5 dakikalik dinlenme verilerek giderek artirilmistir. Maksimum 5 tekrarin
tamamlandigr en yiiksek agirlik 5TM olarak kaydedilmistir. Alinan degerler

katilimcinin viicut agirligina boliinerek relatif kuvvet degerleri hesaplanmistir.

3.7. Veri Analizi

Toplanan veriler, SPSS yazilimi1 (IBM SPSS Statistics 29.0) ile analiz edilmistir.
Tanimlayic1 istatistikler hesaplanmis, degiskenler arasindaki iliskiler Pearson
korelasyon analizi ile degerlendirilmistir. Korelasyon biiyiikliikleri diisiik (r < 0.1),
orta (r = 0.1 - 0.3), biiyiik (r = 0.3 - 0.5), ¢ok biiyiikk (r= 0.5 - 0.7) ve son derece
biiylik (r = 0.7 - 0.9) olarak siniflandirilmislardir. Analizlerde anlamlilik diizeyi p <
0.05 olarak kabul edilmistir.

4. BULGULAR
4.1. Tamimlayici istatistikler
Toplam 36 (16 erkek, 20 kadm) katilimcinin tanimlayici verileri Tablo 4.1°de

sunulmustur. Erkekler, kadinlara kiyasla daha uzun boy ve daha yiiksek viicut

agirhigina sahiptir. Viicut yag yilizdesi kadinlarda daha yiiksek bulunmustur.
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Tablo 4.1. Katilimcilarin tanimlayicr istatistikleri

Kadimn Sporcular Erkek Sporcular

Degiskenler (n=20) (n=16)

Ortalama  SS Ortalama SS
Boy Uzunlugu (cm) 168.76 5.66 181.39 7.00
Viicut Agirhig (Kg) 61.77 8.28 87.98 9.27
Viicut Kiitle Endeksi (kg/m?) 21.73 3.07 26.77 2.67
Viicut Yag Orani (%) 20.18 6.02 14.38 4.95
Femur uzunlugu (cm) 41.23 1.9 45.94 2.67
Tibia uzunlugu (cm) 39.88 2.96 42.56 2.38
Femur/Boy Uzunlugu oran1  0.24 0.02 0.25 0.01
Tibia/Boy Uzunlugu orani 0.24 0.01 0.24 0.01

4.2 Kuvvet ve Kinematik Degerler

Leg extension ve hip thrust 5TM testlerinden elde edilen mutlak ve relatif kuvvet
degerleri ile AS sirasinda Olgiilen maksimum diz ve kalga fleksiyon acilar1 Tablo
4.2°de verilmistir. Erkekler her iki egzersizde de daha yiiksek kuvvet degerlerine
ulagmistir. Relatif kuvvet ise leg extension testinde erkekler biraz daha kuvvetli

cikmalarina ragmen hip thrust testinde ise cinsiyetler arasinda fark goriilmemistir.

Tablo 4.2. Kuvvet ve kinematik degiskenlerin ortalama ve standart sapmalari

Kadin Sporcular Erkek Sporcular
Degiskenler (n=20) (n=16)

Ortalama SS Ortalama SS

Tek bacak leg extension 5TM (kg) 46.00 9.95 86.94 15.12
Hip thrust 5TM (kg) 114.25 31.05 206.88 37.94
Leg extension/ viicut agirlig1 orani 0.79 0.16 0.78 0.15
Hip thrust/ viicut agirhigi orani 1.93 0.45 1.83 0.43
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4.3. Korelasyon Analizleri

Pearson korelasyon analizi sonuglar1 Tablo 4.3 ve Tablo 4.4’te gdsterilmistir. Leg

extension relatif kuvvet ile maksimum diz fleksiyon agis1 arasinda pozitif ve anlamli

bir iligki bulunmustur. Femur boyu/boy uzunlugu oraniile maksimum kalga

fleksiyon acis1 arasinda erkeklerde negatif ve anlamli bir iliski tespit edilmistir. Leg

extension relatif kuvveti ile maksimum kal¢a fleksiyon agist arasinda tiim

katilimcilarda negatif ve anlaml iligski bulunmustur.

Tablo 4.3. Diz fleksiyon agis1 ile Kuvvet ve antropometrik degiskenler arasindaki

korelasyonlar

Diz Fleksiyon Agisi
Kadin Erkek Biitlin
Degiskenler Sporcular Sporcular Sporcular
(n=20) (n=16) (n=36)
r P r P r P
Leg extension/viicut agirhigi orani 0.256 0.138 0.319 0.114 0.396 0.008
Hip thrust/viicut agirligi orani 0.131 0.291 0.032 0454 0.367 0.014
Femur/Boy uzunlugu orani 0.203 0.196 0.103 0.352 0.184 0.142
Tibia/Boy uzunlugu orani 0.048 0421 0.202 0.226 0.122 0.240

Tablo 4.4. Kalga fleksiyon agis1 ile Kuvvet ve antropometrik degiskenler arasindaki

korelasyonlar

Kalca Fleksiyon Agist
Degiskenler Kadin Sporcular Erkek Sporcular Biitiin Sporcular
(n=20) (n=16) (n=36)

r P r P r P
Leg extension/ Viicut agirlig

0413 0.035 0.182 0.249 0.095 0.291
orant
Hip thrust/Viicut agirhigi oranm1  0.335 0.074  0.251 0.174 0.052 0.381
Femur/Boy uzunlugu orani 0.174 0.232 0529 0.018 0.254 0.067
Tibia/Boy uzunlugu orani 0.170 0.237 0.406 0.059 0.033 0.424
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5. TARTISMA

Hareket biyomekanigi ile iliskili fiziksel degiskenlerin belirlenmesi ve incelenmesi,
sporcularin neden ve nasil hareket ettiklerine dair degerli bilgiler sunar. Bu ¢alisma
tiniversite diizeyinde spor yapan atletlerde AS sirasinda eklem kinematigi ile relatif
kuvvet ve segment oranlar1 arasindaki iliskiyi arastirmayr amagcladi. Literatiirde AS
kinematigi ile relatif kuvvet arasindaki iliskiye dair ¢ok smirli ¢alisma
bulunmaktadir. Yazarlarin bilgisine gore bu calisma AS kinematigi ile segment
oranlarinin iliskisini inceleyen ilk caligmadir. Bulgular AS sirasinda diz fleksiyon
acist ile her iki relatif kuvvet ol¢limii arasinda orta ile bliylik diizeyde pozitif ve
anlaml1 bir korelasyon oldugunu géstermistir. Ayrica femur/boy uzunlugu orani ile
AS sirasinda kullanilan maksimum kalca fleksiyon acis1 arasinda anlamli ve negatif

bir iligki gosterilmistir.

Sonuglar AS’nin eksantrik fazinda ulasilan maksimum diz fleksiyon agis1 ile bacak
ekstansiyonu/viicut agirhigr orani arasinda pozitif bir iligki oldugunu ortaya
koymustur. Bu bulgu hipotezi desteklemektedir. Viicut agirligina gore daha giicli
bacak ekstansiyonu, diz ekstansor kuvvetinin bir gostergesidir ve AS’de dnemli bir
rol oynar. Seki ve ark. (2023), AS sirasinda dizlerin sagital diizlemde ileri gittigi dik
bir postiiriin toplam isi ve diz ekstansorlerinin iirettigi torku artirdigini gostermistir.
Ayrica Rauch ve ark. (2020), artan kalca fleksiyon agilarinda kalga ekleminin
katkisinin arttigint ve diz fleksiyon acgisi azaldiginda ise diz ekleminin katkisinin
azaldigin1 gostermistir. Bu nedenle diz ekstansorleri giiclii olan sporcularin, en
yiiksek performanslarint sergilemek igin bu kaslara daha ¢ok giivenmeleri olasidir.
Bunun i¢in daha dik bir postiir tercih ederek dizlerini daha fazla bilikmiis olabilirler.
Bu agiklama Nagai ve ark. (2013) tarafindan da desteklenmektedir ¢iinkii daha
yiiksek diz ekstansiyon torku iiretebilen katilimeilarin, stop jump gorevinde dizlerini

daha fazla biiktiikleri goriilmiistir.

Veriler kadin sporcularda maksimum kalga fleksiyon acisi ile bacak ekstansiyonu-
viicut agirlig1 orani arasinda orta ile biiyiik diizeyde negatif bir iliski oldugunu ortaya
koymustur. Bu bulgu eklem bagmliligi ile agiklanabilir. Diz ekstansorleri

giiclendikce sporcular kalga eklemlerine daha az yiiklenmis olabilir. Bu iligki
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yalnizca kadin sporcularda istatistiksel olarak anlamli olsa da erkeklerde de benzer

bir egilim gozlenmistir.

Ayrica, sonuglar kalga ekstansor kuvveti (hip thrust/viicut agirhigi orani) ile
maksimum diz fleksiyon agisi arasinda anlamli bir pozitif korelasyon gostermistir.
Bunun bir nedeni diz fleksiyon acisindaki artisin katilimcilara daha biiyiik kalga
fleksiyon acilarina anatomik olarak olanak saglamasi olabilir. Diz yeterince
biikiilmediginde hamstring esnekligi ve koordinasyon sinirlamalar1 nedeniyle daha
derin kalca fleksiyon agilarina ulasmak zordur. Bir diger neden kalga ekstansiyon
kuvveti ile diz ekstansiyon kuvveti arasindaki anlamli ve pozitif korelasyon olabilir.
Yani kal¢a ekstansorleri giiclii olan bireyler biiyiik olasilikla diz ekstansérlerinde de

giicliidiir.

Sonuglar erkek sporcularda femur/boy uzunlugu orani ile maksimum kalga fleksiyon
acist arasinda anlaml ve giiclii negatif bir iliski oldugunu gostermistir. Hipotez daha
uzun femurun daha biiyiik kalca fleksiyon acisi ile iliskili olacagi yoniindeydi
(McKean ve Burkett, 2012). Ancak bu ¢alismada farkli sonuglar bulunmustur. Bunun
nedeni squat egzersizinde sporcularin sirtlarinda agirlik tasimak zorunda olmalar
olabilir. Ekstra agirlikla squat yaparken sporcularin postiirlerini ve durus
genisliklerini barin yerlesimine ve agirhk merkezine gore ayarlamalari gerekir.
Ayrica squat sirasinda topuklarin yerde kalmasi zorunludur fakat AS’de boyle bir
kisitlama uygulanmamistir. Sporcular topuklarini kaldirabildikleri i¢in dizin 6ne

dogru hareketine izin veren farkli bir teknik tercih etmis olabilirler.

Hipotez, kalga ekstansor kuvveti ile maksimum kalga fleksiyon agis1 arasinda pozitif
bir iligki olacagi yoniindeydi. Ancak bulgular, bu iki degisken arasinda anlamli bir
iligki gostermemistir. Diz ekleminde goriilen relatif kuvvet ve eklem bagimlilig
tartismalar1 kalga eklemi icin gegerli olmayabilir. Gliglii kalga ekstansdrlerine sahip
sporcular, daha kiigiik kalca agilarinda daha gergin bir sigrama stratejisi tercih etmis

olabilirler.

Veriler ayrica leg extension/viicut agirligi orami ile femur/boy uzunlugu orani

arasinda anlaml ve pozitif bir iliski oldugunu gostermistir. Calisma ne kadar relatif
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kuvvet ve segment oranlar1 arasindaki iligkiyi arastirmay1 amaclamasa da, bu énemli
bir bulgu olarak degerlendirilebilir. Bu c¢alismada nedensellik kurulamayacak olsa
da, tamamen genetik olan anatomik bir degisken ile antrenmanla gelistirilebilen

baska bir degisken arasinda anlamli bir iliski bulunmasi dikkat ¢ekicidir.

Tibia/boy uzunlugu orani ile maksimum kalga fleksiyon acis1 arasinda neredeyse sifir
korelasyon bulunmustur. Bu, hipoteze zit bir sonugtur. Daha uzun tibialarin, ayni diz
fleksiyon agilarina ulasabilmek i¢in daha biiyiik kalga fleksiyon agilar1 gerektirecegi
diistiniilmiisti. Ancak bu hipotez, katilimcilarin ayak bilegi dorsifleksiyon
miktarlarin1 ve topuklarint yerde tutmak zorunda olmadiklarini g6z Oniine
almamaktadir. Ayrica tibia/boy uzunlugu orani yiiksek olan sporcular, hem kalga
hem de dizde daha kiiclik acilar kullanarak daha sert bir sigrama stratejisi tercih
etmis olabilir. Bu teknik elit sporcular tarafindan da siklikla kullanilmaktadir (Rauch

ve ark., 2020).

Bu calismanin bazi simirliliklar: vardir. Orneklem yalnizca {iniversite sporcularindan
olugmaktadir ve smnirli sayida katilimeir igermektedir. Bu durum sonuglarin
genellenebilirligini sinirlandirmaktadir. Ayrica kinematik ve kuvvet Olglimlerinde
kullanilan yontemler de bir diger sinirliliktir. IMU’lar yiiksek gecerlilik gosterse de,
altin standart olan optik hareket yakalama teknolojisi daha giivenilir sonuglar
saglayabilirdi. Benzer sekilde, kuvvet testlerinde kullanilan spor salonu ekipmanlari
yerine izokinetik dinamometreler daha giivenilir sonuclar verebilirdi. Ayrica leg
extension egzersizinde kullanilan 5TM tahmin formiilii belirli bir hata pay:
icermektedir. Bunun disinda kadin sporcularin menstriiel dongiileri g6z oniinde

bulundurulmamistir. Bu durum test sonuglarini etkilemis olabilir.

Gelecekteki c¢alismalar, daha genis bir orneklemle ve farkli spor branslarindan
atletlerle yapilmali. Ayrica drop jump, stop jump, yon degistirme ve sprint gibi farkli

hareket tipleri incelenmelidir.

Bulgular, hem kuvvet testlerinin hem de anatomik degiskenlerin sporcularin hareket
stratejileri hakkinda bilgi saglayabilecegini gostermektedir. Bu ¢alismada kullanilan

ekipmanlarin ucuz ve ulasilabilir olmasi, antrendrlerin ve arastirmacilarin benzer
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biyomekanik analizleri gelismis ve pahali cihazlara gerek duymadan yapmalarini

miumkin kilar.

5.1 Sonuc¢

Sonug¢ olarak, bu calisma AS eklem kinematigi ile relatif kuvvet Olgiimleri ve
segment oranlar1 arasindaki iliskiyi arastirmistir. Bulgular, hem bacak ekstansiyon
kuvvetinin hem de kalca ekstansiyon kuvvetinin AS’nin eksantrik fazinda ulasilan
maksimum diz fleksiyon acist ile anlamli ve pozitif iligki icinde oldugunu
gostermistir. Ayrica, femur/boy uzunlugu orani daha yiiksek olan sporcularda
maksimum kalca fleksiyon ac¢is1 daha diisiik bulunmustur. Bu sonuglar literatiirde
sinirli olan si¢rama stratejisi, kuvvet ve anatomik degiskenler iligkisine katki
saglamaktadir. Sporcular arasinda goézlenen farkli teknikler, antrendrlerin
degerlendirmelerinde yol gosterici olabilir. Bununla birlikte, 6rneklem biiyiikliigii,
kullanilan O6l¢lim cihazlart ve kuvvet degerlendirme yontemleri c¢alismanin
smnirliliklart  arasinda  sayilmalidir.  Gelecekteki — aragtirmalar, daha biiyilik
orneklemlerle ve gelismis Ol¢iim cihazlariyla yapilmalidir. Bu ¢alismada kullanilan
uygun maliyetli ekipmanlar antrendrlerin gelismis araglara gerek kalmadan da benzer

analizler yapabilecegini gostermektedir.
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uzunluklar1 ile bu segment oranlarinin; leg extension ve hip thrust egzersizleriyle
belirlenen kuvvet orami ve aktif sigrama (AS) sirasindaki kinematik verilerle olan
iligkilerini incelemeyi amaglamaktadir.

Arastirma iki asamada gerceklestirilecektir. ilk asamada, performans
laboratuvarinda katilimcilarin boy uzunlugu, viicut agirligi, tibia, femur ve govde
uzunluklar1 gibi antropometrik Olgtimleri alinacak ve katilimciya sensorler
baglanarak sigrama testi yapilacaktir. Ikinci asamada ise, Orta Dogu Teknik
Universitesi spor salonlarinda leg extension cihazi ile leg extension ve olimpik halter
ekipmanlar ile hip thrust kuvvet testleri uygulanacaktir.

Arastirmaya katiliminiz tamamen goniilliiliik temelinde olmalidir. Katilim
zorunlu degildir ve calismaya katilmayr reddedebilir veya herhangi bir agamada
gerekge gostermeden ayrilabilirsiniz. Verileriniz tamamiyla gizli tutulacak ve
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