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Abstract

The aim of this investigation was to evaluate an overall performance of the elite women football players. In accordance with
this purpose, 11 women football players (age: 21,5 + 2,58 years; height: 160,8 + 5,17 cm; weight: 55,8 + 7,23 kg) who plays in
Turkish Women’s 15t Football League participated voluntarily. In order to measure athlete’s aerobic capacity, Yo-Yo
intermittent recovery test (Yo-Yo IR1) was applied and maximal oxygen uptake (VO2max) values were estimated by using
running distances obtained from the test results. The Wingate anaerobic power test (WanT) to measure the athlete's anaerobic
properties, the vertical jump (V]) and standing long jump (SL]) tests to determine explosive power, the Illinois agility test to
measure agility skills, 10 and 30 meters sprint runs to measure sprint performances, hand grip and back-leg strength tests to
measure strength characteristics were used. In order to obtain power and velocity parameters, loaded-squat jump (SJLoaded) Was
applied with an resistance that equaled to 40% of body weight and bench throw (BT) was applied with an resistance that
equaled to 30% of body weight of the participants by applying an isoinertial device and results of peak power (PP), peak
velocity (PV), mean propulsive power (MPP), and mean propulsive velocity (MPV) during both movements were recorded.
Statistical analysis was used in the assessment of the data. According to analysis results, it was achieved that Yo-Yo IR1 running
distances was as 676,3 + 156,4 meters, while VOamax values of athletes were estimated as 42,2 + 1,20 ml/kg"'/min". Relative and
absolute anaerobic power values for elite women football players were obtained as 439,7 (+ 61,18 W) and 8,04 (+ 1,09 W/kg) for
maximal anaerobic power, 316,1 (+ 34,46 W) and 5,78 (+ 0,56 W/kg) for maximal anaerobic capacity, 193,6 (+22,30 W) and 3,55 (+
0,61 W/kg) for minimal anaerobic power, respectively. In addition, fatigue index values measured as 55,7 (+ 3,75 %).
Participant’s right and left hand grip strength values were obtained as 30,6 (+ 4,62 kg) and 29,6 (+ 4,5 kg), back and leg strength
values measured as 90,2 (+ 18,7 kg) and 101,8 (+ 29,5 kg), respectively. Participant’s 10 and 30 meters sprint duration were
obtained as 1,85 (+ 0,12 sec) and 4,96 (+ 0,34 sec). SLJ, V] and agility values were obtained as 178,4 (+ 21,1 cm), 35,7 (+ 4,60 cm)
and 17,6 (+0,67 sec), respectively. Velocity and power values for athletes during BT movement were obtained as 1,21 (+ 0,10
m/sec) for MPV, 2,04 (+ 0,18 m/sec) for PV, 353,6 (+ 83,2 W) for MPP and 666,3 (+ 152,1 W) for PP. In response to this, velocity
and power values for athletes during SJLoaded movement were obtained as 1,21 (+,10 m/sec) for MPV, 2,04 (+,18 m/sec) for PV,
353,6 (+ 83,2 W) for MPP and 666,3 (+ 152,1 W) for PP. As a result, although there are many studies on physical or physiological
characteristics of elite male footballers, the literature on the overall performance characteristics of women football players are
limited. It is thought that the results obtained are important to fill this lack in the literature and will be the reference source for
future research.
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INTRODUCTION

In a football match, 80-90% of the performance
is reported to be spent with moderate and low
intensity walking and running while the remaining
part is spent with high intensity activities (7, 15, 79,
82). Various acceleration and decelerations, frequent
change of activity, directional change, unusual
movement patterns and application of various
technical abilities make a significant contribution to
energy expenditure (79). Today, about 20 million
women play football and this number equals to
almost 10 % of the sum of women and male football
players all over the world. It is stated that the

number of registered women football players
increased by more than 50% in 2006 (young and
senior level). The number of recreactional and
professional leagues and international events for
women footballers in different age categories has
grown substantially in late years. This allows a wide
range of women football players to practise and
contend in professional environment. There is also
an increased need for specific studies that can assist
improving the women football players’ performance
expectations and performance levels (61).



It has argued that a very good anaerobic
capacity and a well-enhanced aerobic fitness are
prerequisites for succeeded performance in
women's football (65).In a study, it was shown that
elite women footballers do an mean of 1459 (1336-
1529) activities at a varying intensity of changing
every 4 seconds per match and the number of
running at high intensity is 125 (72-159) on average
with a time changing per 2-3 seconds (51). In studies
conducted by different authors and using different
measurement techniques, it was found that women
football players had a distance of 8.5-10.3 km in a
football match (1, 2, 28, 33, 40, 65).

Due to the duration of a football game, aerobic
capacity is extremely important for footballers (93).
One of the component
determining success in an aerobic endurance sport
is maximal oxygen uptake (VOzmax) (39). VOzmax,

most fundamental

expressed as the highest amount of oxygen the
organism can use during one minute of exhausting
(43), indicates  the  individual's
cardiovascular fitness (13). That is, it reflects the
capacity of the oxygen delivery system for muscle

exercise

work and shows the oxygen used by the muscles
during exercise (41). VOomax values of women
football players were obtained to be 42-57
ml.kg.min™ (25, 28, 30, 33, 38, 47, 51, 57, 64, 65, 71,
75, 81, 88, 90, 95, 97, 98). A player having a high
VOzmax value has the high energy storage required
for energy release and a better recovery rate (43).

Most of the movements in one match are
executed without the ball and mostly cover the
aerobic exercises while intense anaerobic exercises
are made during the movements that bring the
game to its conclusion (80). According to the
volume of the match, the athletes have to make
sprint throws, get into the ball-fighting struggle,
changing directions fast, jogging and shuttle runs.
In those cases where the density increases,
anaerobic metabolism is effective while aerobic
metabolism is active in cases where concentration is
regular and under the submaximal level (93).
Anaerobic performance is the ability of the
individual to maximally performing anaerobic
exercise. The ability to produce the highest
mechanical power (anaerobic power - peak power)
in a few seconds and to sustain high power
efficiency (anaerobic capacity - mean power) in
short time is considered to be the main indicators of
anaerobic performance (46). Anaerobic power and
capacity is often used according to the consumption
of two different anaerobic energy systems (48).
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Today's football matches are played faster and
at higher intensity. Capacity to perform different
high intensity activities is important in match
(63).  Although high
movements contribute to the distance covered only
for ~11%, they constitute the most important
movements of the match and scoring a goal or
possession of the ball make a direct contribution
(80). Sprint is a high-intensity activity which takes

performance intensity

place about each 90 seconds, every ending at an
average of 2-4 seconds in a football match. This
corresponds to 0.5-3.0% of the efficient playing
duration, i.e. the duration of playing with the ball. It
has also been found that virtually all of sprints (~
%96) in the games are shorter than 30 meters and a
large generality is shorter than 10 meters (6, 78).

Jumping performance assesses the leg strength
and is closely associated with sprint performance
(74, 102). It is fundamental to arrive maximal speed
at the moment of sprint and maximal speed
depends on explosive strength (19). Explosive
power and sprint rapidness are two interrelated
physiological traits at high-intensity that contribute
to football performance (66, 83, 93). Explosive power
is essential for the skills that are very important in
the football such as jumping, sprinting and turning
9, 77,93, 101).

Most of the football moves require fast turns. In
other words, it denotes the player’s fast turns in the
opposite direction or to the ball. These fast turns are
often called agility (103). Agility composed of the
combination of equilibrium, speed, condition and
strength is described as the skill to change direction
in a fast and accurate way at the moment of a
movement series (34, 73, 99).

associated  with
thought to be an

and kinematics
workout are

Kinetic
resistance
fundamental stimulant in the formation of neuro-
muscular adaptations (27). The maximal strength,
described as the maximal strength produced by a
muscle or muscle groups in the neuromuscular
system at the moment of maximal contraction
without any time constraint, is expressed as a
repetitive maximal or 100% of maximal and denotes
the heaviest weight that the athlete can lift at one
time (16). Although the terms of strength and power
are sometimes used interchangeably, this is not the
right approach. Because power, which is one of the
fundamental elements of sporting performance, has
a time component and is the mechanical amount
described as the temporary ratio of the work done
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(power= work/time), and it usually depends on the
ability to create the highest possible strength
(maximal strength) (67, 94). It is important to
calculate the power for three different reasons.
These are as follows; (1) to designate the optimal
loading for resistance workout, (2) to evaluate the
influence of strength workout and (3) to predict the
exercise performance (49).

It is very important to apply the strength in a
very short time in the athletic performance. Thus, it
is necessary to display the highest possible strength
in a very short time in many movements taking
place in less than a second (84). The velocity, which
is a vector amount, is expressed as the time-related
ratio of change in the any position (104). The
concentric contraction velocity of a muscle is
inversely proportional to the external force or the
load applied. When the executed strength is zero,
the contraction rate of the muscle is the greatest.
When the strength raises to a level equal to the
maximal strength which strains the muscle, the rate
of contraction becomes zero (12). In other words, the
strength that the muscle produces increases but the
speed of movement decreases as the weight
increases.

There are many studies on the physiological
and physical features of elite male footballers and
the desires for games in the Turkish population.
However, despite the increasing professionalization
and popularity of women football worldwide, the
studies on women's football are limited and we
predict that this study will be valuable for the sports
science literature. Therefore, the aim of this research
is to make a general evaluation on the athletic
performance characteristics of elite women football
player.

METHODOLOGY
Participants

In this study, 11 women footballers (age: 21.5 +
2.58 years; height: 160.8 + 5.17 cm; weight: 55.8+7.23
kg) from Turkish Women’'s 1st football league
voluntarily participated. The health condition of the
participants is good and they don’t use any drugs
that may negatively affect the variables analysed. At
the beginning of the study, players signed an
approval document stating that they voluntarily
attend in the investigation.

Procedures

Height and Weight Measurement
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The height and weight measurements of
players were obtained by using a Seca 769 (Seca
Hamburg, Germany) electronic
measuring instrument with an accuracy of the 0.001
meter and 0.01 kg respectively.

Corporation,

Yo-Yo Intermittent Recovery (Level 1) Test

Athletes' running distances were obtained by
using the Yo-Yo intermittent recovery level 1 (Yo-Yo
IR1) test designed by Bangsbo (8) to determine the
aerobic features of the athletes competing in team or
individual sports. In this test, the athletes were
made a 2x20 meter shuttle run at a gradually
increasing
determined by the cones. Each running area has

speed within the running area
another cone which is put 5 meters behind the
starting point and demonstrates the recovery
region. At the end of each 40-meter run, the athletes
were told that they had 10 seconds to recover and
they had to walk slowly or jog in the recovery zone.
Afterwards, the athletes were told to stand on the
starting point and wait for the signal for the next
run. Running speeds were determined with audible
signal sounds coming from a CD. The test was
terminated when a subject was exhausted or when
s/he failed to reach the finish line twice (10).

Maximal Oxygen Uptake

The maximal oxygen uptake (VO2max) values of
the participants were estimated by using the
following formula according to the Yo-Yo AT1 test
result.

VOzmax (mlkgl.min7)= IR1 running distance
(m) X 0.0084 + 36.4 (10).

Maximal Heart Rate

The maximal heart rate (HRmax) values of the
athletes in the IR1 test were obtained by using the
heart rate monitor (Polar M400, Finlandiya) when
the test was completed.

Vertical Jump Test

After a general 10-minute warm up, athletes
were subjected to a vertical jump (V]) test. First,
standard arm lengths were determined in front of
the test platform and then they were asked to jump
as high as possible. At the end of the test, the
distance between the jump distances and standard
arm lengths of the subjects was calculated and the
jump distances were recorded in centimetres (56).
The V] test was performed twice by allowing
adequate resting time and the best score was

recorded for analysis.
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Standing Long Jump Test

After a 10-minute warm-up, the athletes
performed a standing long jump (SLJ) test to
determine their explosive leg strength. In this test,
participants were asked to open their feet at
shoulder width and to jump forward by bending
their knees as their toes were behind the specified
line. The distance between the toes of the
participants at starting line and the place of heels
where they landed was calculated and recorded in
centimetres (56). The SL] was performed twice by
allowing adequate resting time and the best test
value was recorded for analysis.

Sprint Performance

After a 10 minute warm-up, the athletes
performed 10 and 30 m sprint run three times in the
a static position (after 0 m back of the first photocell)
with a 3-minute recovery period between each test
period. Sprint times were determined by using an
electronic photocell (Newtest Powertimer System,
Newtest Oy, Ouluy, Finlandiya)

Agility Test

The Illinois agility test designed by Getchell
(32) was utilized to determine athletes' acceleration,
directional change and agility characteristics. In this
test, the 10 meter-long and 5 meter-wide test area
was marked with 4 cones (start, finish and two
turning points). There are 4 more cones in the
middle of the test area, each with a 3.3 meter gap
between them. An electronic photocell (Newtest
Powertimer System, Newtest Oy, Oulu, Finlandiya)
was placed at the start and finish points. The test
consists of 40 m straight run and 20 m slalom
(zigzag) runs between cones with 180 ° turns every
10 meters. When the participants felt ready, the test
was initiated while the participants were in a supine
position and the hands were in contact with the
ground at the shoulder-length and it was tried to be
finished as soon as possible. Before the test started,
the participants were allowed to make trials in order
to be used to test area. To obtain the best
performance, the test was applied twice with a 3-4
minute recovery period between each repetition and
the best test time was recorded in seconds (56).

Hand Grip Strength Measurement

Athletes' hand grip strength values were
obtained from both the right hand and the left hand
by using a digital strain gauge dynamometer (Takei

TKK5401 Takei Scientific Instruments, Tokyo).
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During the measurements, the participants were
allowed to extend their elbows provided that they
did not touch their arms or bodies to the
dynamometer. According to the standard arm
position proposed by the American Society of Hand
Therapists (ASHT) for the hand grip test, it is
especially necessary for the participants to get their
shoulders closer and rotate them independently,
with their elbows bent 90° and sitting with their
forearms and wrists in a neutral position (31). It was
stated that the subjects had to be in a standing
position, grasp the dynamometer with their
dominant hand and apply maximal pressure
gradually for at least two seconds until the grade
was recorded. After recording the result, non-
dominant hand was measured. The movable part of
the dynamometer handle was adjusted in a way to
reach the first phalange of ring finger. Athletes were
permitted two trials with both hands and the best
results for both hands were recorded with an
accuracy of 0.1 kg.

Back and Leg Strength Measurement

Back and leg strength values of the athletes
were obtained by using back and leg dynamometer
(Takei TKK5402 Takei Scientific Instruments,
Tokyo).The legs were twisted in the leg strength
measurement and the knees in a tensioned position
in the back strength measurement. After the
participants placed their legs on the dynamometer
with their knees bent in leg strength measurement
and the knees stretched in back strength
measurement, they pulled up the dynamometer bar
vertically with their arms stretched, their backs
straight and their bodies leaning forward slightly
(41). For each movement, the measurements were
repeated twice and the best results were recorded
with an accuracy of 0.1 kg.

Anaerobik Performans

The Wingate Anaerobic Power Test (WanT)
was utilized to obtain the anaerobic capacity and
power values of participants. First, the subjects were
informed with regard to test procedure in detail and
then the test was conducted by using a computer
(Monark 839E Sweden)
compatible software and connected to a computer
modified for leg. WanT is the most popular cycle
ergometer test used to achieve anaerobic
performance (23, 44) where the subject pedals
against a resistance designated by the subject’s body
mass as fast as possible (5, 17). Developed at the
Wingate Institute Research and Sports Department

8l
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in Israel (96), this test is considered to be a
laboratory test (11) that provides information on
both lactacid (anaerobic capacity) and alactacid
(anaerobic power)
performance (14, 70). Before the test, a 5-minute
warm-up protocol was applied to the participants to
help hem familiarize with the test protocol. At the
beginning of the test, the subject pedalled for a few
seconds without a load to reach the pedal speed
established. When the subject reached the
predetermined pedal speed without load, a load
corresponding to 7.5% of the body weight of each
subject was applied as resistance and the subject

composition of anaerobic

tried to pedal at high speed for 30 seconds against
this resistance created by this load. Pedal counts
were recorded for every 5 seconds and all power
parameters were calculated absolute and relative
values with a computer software (11, 23, 24, 45, 46,
76, 96). The parameters obtained during the
Wingate anaerobic power test are given below (72).

Peak Power (Maximal Anaerobic Power): It is
the highest mechanical strength achieved during
any 5-second time period during the test.

Mean Power (Maximal Anaerobic Capacity): It
is the average strength produced during the test.

Minimal Power: It is the lowest mechanical
strength achieved during any 5-second time period

during the test.

Fatigue Index: It is the percentage expression of
power reduction during the test. It is found by
dividing the difference between the highest power
value and the lowest value obtained in any 5 second
time period during the test by the highest power
obtained.

Bench Throw and Loaded-Squat Jump Movements

The bench throw (BT) movement was applied
to the participants on a Smith machine (Esjim
IT7001, Eskisehir, Turkey). The reason for BT
movement is applied by using a smith machine
instead of free weights is that this machine can
provide accurate and reliable measurements by
limiting the movement in the vertical direction (49).
Before BT movement, the participants were applied
a 20-min warm-up protocol comprised of 15 min of
general (5 min of upper and lower-body stretching
following a moderate running) and 5 min of
particular exercises (bench press and bench throw
trials at sub-maximal degree). After warm-up,
subjects were stated to apply BT movement 3 times
at maximal velocities with an resistance equaled to
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30% of their weight. It was stated that participants
had to lower the barbell in a restrained form until
they touched the chest slightly during the BT
movement and then throw it as fast and as high as
possible together with the start command (54).

Before loaded-squat jump (JStoaded) movement,
the subjects were applied a 20-min warm-up
protocol comprised of 15 min of general (10 min of
running following 5 min of upper and lower-body
stretching) and 5 min of particular exercises (squat
attempts at sub-maximal degree). After the warm-
up, participants were subjected to a JSroaded test with
an resistance that equaled to 40% of their weights by
using free weights. During this trial, participants
were requested to bring their knees to the flexion
from the static position until their thighs were
parallel to the ground and after the start command,
they had to jump as fast as possible without
allowing their shoulders to lose touch with the
barbell and repeat this movement 3 times (55). If
these requirements were not met, the motion was
repeated. Because, addictively the external load
during the JStoadea test, the body weight must be
moved and the speed and power parameters must
be determined via the ability of the participants to
accelerate total mass (body mass and external load)
(26).

A  linear converter (T-Force
Measurement System; Ergotech Consulting S.L.,
Murcia, Spain) was connected to the last part of the
barbell in order to obtain the power (MPP: mean

Dynamic

propulsive power; PV: peak power) and velocity
(MPV: mean propulsive velocity; PV: peak velocity)
parameters during the bench throw and loaded-
squat jump movements. The use of this system is
especially proper for any weights lifting workouts
or any resistance training exercise in which it is
necessary to overcome a load (a constant mass)
moving along the vertical axis against gravity. The
system includes an electromechanical equipment
(interface and velocity sensor), a special computer
program (T-force system software) that manages
this equipment and a hook connected to the barbell.
The velocity sensor is usually placed on the ground
and measures the speed of the loads lifted by
measuring how quickly the 2-meter cable is pulled
and dropped through a tachogenerator with a high
sensitivity within the aluminium body. In other
words, the sensor provides the current proportional
to the movement of the cable and allows the
velocity to be directly determined in the loads
where the movement is made. The cable is made of
82



nylon-coated stainless steel and has a diameter of
0.50 mm. The tension of wire (5N) can withstand
large accelerations, so using this system for sudden
sports activities such as jumping, pulling and lifting
will not be a problem. Computer transmission
interface includes an electronic data acquisition
board equipped with 14-bit resolution. It is
connected to the computer via a USB port which
allows very fast and reliable data transfer. The
sampling frequency of the data obtained is fixed at
1000 Hz. This means that instantaneous speed data
in each Ms is obtained. A specifically designed hook
is used to connect the power converter cable to the
weight training barbell (85, 86).

Lan et al 2019

Statistical Analysis

SPSS version 16.0 (SPSS Inc, Chicago, IL) was
used for all data analyses. Descriptive statistics
analysis method was used in data assessment.

RESULTS
Descriptive  statistical results for some
performance parameters of participants are

indicated in table 1, the statistical results for the
power and velocity values in SJioaded and BT
exercises are shown in table 2 and the statistical
results for absolute and relative anaerobic power
values are indicated in table 3.

Table 1. Results of the elite women football players according to some performance variables

Variables n Minimal Maximal Mean (sd)
Right hand grip strength (kg) 11 24.9 41.6 30.6 (+ 4.62)
Left hand grip strength (kg) 11 23.5 39.3 29.6 (+ 4.50)
Leg strength(kg) 11 62.5 151.0 101.8 (£ 29.5)
Back strength (kg) 11 66.1 1245 90.2 (£18.7)
Standing long jump (cm) 11 130 210 178.4 (+21.1)
Vertical jump (cm) 11 30 44 35.7 (£ 4.60)
Agility (sec) 11 16.73 19.01 17.6 (£ .67)
10 meters sprint (sec) 11 1.70 2.07 1.85 (£.12)
30 meters sprint (sec) 11 4.57 5.56 4.96 (+.34)
Yo-Yo IR1 test (m) 11 480 960 676.3 (+ 156.4)
HRmax (beat/sec) 11 185 194 187.9 (+2.50)
VOamax (ml/kg/sec?) 11 40.7 44.4 42.2 (+1.20)

Table 2. Results of the some kinetic and kinematic parameters during loaded-squat jump and bench throw

movements of the elite women football players

Variables Bench Throw Loaded-Squat Jump

n Minimal Maximal Mean (sd) n Minimal Maximal Mean (sd)
Load (kg) 11 13.5 20 16.7 (= 2.31) 11 17 25 21.8 (£ 2.56)
Displacement (cm) 11 57.9 89.6 77.2 (+9.81) 11 44.4 76.4 62.5 (+8.61)
MPV (m/sec) 11 0.74 0.95 .85(=.07) 11 1.03 135 1.21 (+.10)
PV (m/sec?) 11 1.32 1.66 1.44 (+.10) 11 1.81 2.32 2.04 (+.18)
MPP (W) 11 102.7 181 140.1 (+ 26.8) 11 237.7 467.1 353.6 (+83.2)
PP (W) 11 196.7 325.8 273.6 (+43.6) 11 472.8 882.3 666.3 (+152.1)

MPV: Mean Propulsive Velocity; PV: Peak Velocity; MPP: Mean Propulsive Power; PP: Peak Power

Table 3. Results of the elite women football players according to absolut and relative anaerobic power values

Variables n Minimal Maximal Mean (+ sd)
MAP (W) 11 317.2 512.0 439.7 (£ 61.1)
MAP (W/kg) 11 5.97 941 8.04 (+ 1.09)
MAC (W) 11 251.3 357.0 316.1 (+ 34.4)
MAC (W/kg) 11 4.46 6.38 5.78 (+ .56)
MinP (W) 11 147.8 227.2 193.6 (+22.3)
MinP (W/kg) 11 2.48 4.04 3.55 (+.48)
FI (%) 11 50.8 59.8 55.7 (£ 3.75)

MAP: Maximal Anaerobic Power; MAC: Maximal Anaerobic Capacity; MinP: Minimal Anaerobic Power; FI: Fatigue Index
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DISCUSSION

Athletic performance in football depends on
many factors such as aerobic-anaerobic capacity,
agility, speed, muscle power and strength (9, 93). A
high degree of physical fitness provides the
physiological basis for the players to compete with
the physical requirements of matches and allows
them to perform their tactical and technical skills
effectually particularly towards end of the game in
which fatigue starts to be felt (8). The evaluation of
the physical capacities of players may indicate the
demonstration of physical requirements at a certain
period of the game. Since athletes must be able to
adapt to the game's requirements to be succeed at
the levels of competition. It is also stated that the
physical requirements of the football occur more
apparent as the levels of struggle increases (80).

There are many ways to determine the
physiological features of athletes and the physical
requirements of the match being done. Most of the
field and laboratory tests such as shuttle run tests on
the field or treadmill tests to determine VO2max
values have been designed to determine physical
performance (50). Although the values obtained on
the treadmill test are considered to be the "gold
standard" for measuring aerobic power, there is a
need for training staff, expensive equipment and a
long time (4, 22, 36). So, simple and inexpensive
field tests applied to a large group of subjects were
designed as alternative tests (92). Yo-Yo IR tests are
one of the recently used tests. The IR1 test is a nice
indicator of the ability of elite women footballers to
run at high intensities during the competition-based
games and can also be utilized as a demonstration of
physically game effort (51).

Looking at the studies conducted on the Yo-Yo
AT1 performance of women football players, it is
stated that according to Sezgin et al., (88) the average
running distance of the elite Turkish women football
players is 676 m and the running distance of elite
and lower-level women football players of Hong
Kong is 673.3 m and 630.0 m respectively as stated
by Man (57). These finding are similar to those
reported in the current research. In this study, the
average IR1 running distance of elite women
football players has been found to be 676.3 (+ 156,4
m). As different from the finding of this research,
Milanovic et al., (63) have reported that the test
results for women athletes from the Serbian national
team playing in different positions range from 880 to
930 m. Mujika et al., (66) have stated that average
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running distances of young (17.3 + 1.6 years) and
older (23.1 + 2.9 years) elite women football players
are 826 (= 160 m) and 1224 (+ 255 m), respectively. In
the study conducted, the running distances of the
elderly football players in the IR1 test are 48%
higher than the young elite women. Krustrup et al.,
(51) have stated that average running distance of
women football players competing in the 1+t League
of Denmark is 1379 m on the IR1 test. In addition,
while the IR1 distance of NCAA women football
players has been found to be 1097 (+ 100 m) (90); the
test distance of women footballers in American
Universities have been obtained as 1120 (+ 297 m)
(58). Martinez-Lagunas ef al., (59) have established
that Yo-Yo IR1 running distance of German women
football players at different levels is 1102 (+316 m)
for the women football players in the 274 league and
886 (£399 m) for women players in the 4% league.
The findings obtained in the current research show
parallelism with the findings obtained in the studies
of Sezgin ef al., (88) and Man (57); however, they are
significantly lower than the results obtained in other
studies. It can be argued that this difference is due to
the fact that elite Turkish women football players
have a worse condition level.

There are many researches in literature
conducted to determine maximal oxygen uptake
(VO2max) values of women football players indirectly
by using field tests and directly by using laboratory
tests. In previous studies, VO2max values of Turkish
women football players were obtained to be 42.08
ml.kg . min™ (88) and 43.1 mlL.kg".min™" (95). VO2max
values are 43.3 mlkg'min' for Hong Konger
women footballers (57), 57.6 ml.kg~'.min"! for Danish
elite women football players (47), 49,4 ml.kg'.min"!
(51) and 52.3 ml.kg.min (52) for women football
players in the 1st
ml.kg".min" for women football players in the 1s
league of Italy (30), 51.4 ml.kg'.min™ for Australian
national football team (33), 535
mlkglmin? for Serbian elite women football
players (71), 53.9 ml.kg.min™! for NCAA 1+ league
women football players (90), 54.0 ml.kg".min™ for
elite Norwegian women football players (38), 45.1
ml.kgl.min™ for Spanish 1+t league women football
players (3), 53.9 ml.kg".min" for women footballers
in Czech Republic premier league (18), 47.9
mlkg'.min? for Australian international women
football players (25), 48.4 ml.kg'.min™ for British
international women football players (28), 54.8
mlkg'min? (40) and 48.5 mlkg'.min' (98) for
Australian women players of national football team

league of Denmark, 49,8

women
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and 514 mlkg'min? for Australian 1¢ league
women football players (33). Todd et al., (97) have
found that average VO:max values of British
professional, international and regional women
football players are 45.0 mlkglmin?, 46.8
mlkglmin® and 43.9 mlkg'min? respectively.
Martinez-Lagunas and Hartmann (60) have obtained
the estimated VO:max values of the elite German
women football players as 49.9 (= 4.9 ml.kg".min™)
in IR1 test. In the present study, the estimated
average VOzmax values of women footballers in the
elite level according to the IR1 test results were
found as 42.2 mlkg'.min?. Compared with the
finding obtained for the elite women football players
in the literature, it is seen that the results of our
study are lower. This difference is due to the fact
that elite Turkish women football players have
lower aerobic capacity. Actually, when looking at
the IR1 distances in the current research, elite
Turkish women football players seem to cover a
lower distance. Given that the VOzmax values are also
obtained from the Yo-Yo AT1 running distance
inferentially, it is an expected result to obtain a low
average VOzmax value.

Since the amount and volume of blood in
women is low, the heart needs to work faster to send
the oxygen needed to the required tissues. This
makes the heart to be tired quickly. Therefore, it is
stated that women have low heart rate volume and
high heart rate counts (87). In this study, average
HRmax values of elite Turkish women football players
has been found to be 187.9 beats/min'. Ostojic (71)
found the HRmax values of Serbian women football
players as 183.1 beats/min' and average HRmax
values of Danish elite women players in the match
were found to be 186 beats/min? by Krustrup et al.,
(51). Sezgin et al., (88) and Sjokvist et al., (90) have
found the HRmax values of women footballers in IR1
test as 184 and 194.9 beats/min? respectively. The
maximal heart rate counts were determined as 184
beats/min-! for Spanish 1+ League women football
players (3), 193 beats/min? for Czech Republic
Premier League women football players (18), 202
beats/min! for Australian international women
football players (25). In this study, it is seen that the
HRmax values of elite Turkish women football
players are lower than HRmax numbers reported in
other researches conducted on elite women
footballers. Considering the Yo-Yo IR1 distances of
the subjects, it can be argued that this difference is
due to the fact that subjects did not push themselves
too hard and they finished running test without
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allowing HRmax values rise further. Since motivation
and willingness are important factors for realistic
performance of the participants in field tests.
Furthermore, the test is terminated when the athlete
fail in order to arrive the finish point twice in the
specified duration in the Yo-Yo IR1 test according to
test rules. For this reason, even if the subjects have
enough energy to continue running, they may
complete the running test without reaching the
maximal heart rate when the test is terminated as
per the rules, which may result in lower running
distances and heart rate counts.

Explosive power is essential for very important
abilities (e.g. jumping, sprinting, turning) in football
(9, 77, 83, 93, 101).In this study, the V] and SL] tests
were applied to identify the explosive power
features of the women footballers and the jump
distances were obtained as 35.7 cm for the vertical
jump test and 178.4 cm for the standing long jump
test. Looking at literature, average vertical jump
height is 35.6 cm (42) and 40.5 cm (98) for Australian
women footballers, 35.3 cm for elite Turkish football
players (95), 35.4 cm for women football players in
Turkish 1st League (21), 37.8 cm for Danish elite
women players (47), 35.0 cm for women football
players of Danish 1+t League (52), 39.3 cm for British
elite women football players (75), 47.6 cm for
Serbian elite women football players (71), 30.7 cm
for football players of Norwegian national team and
28.1 cm for the 1%t League women football players
(37). Smith et al., (91) reported an average vertical
jump height of 42.8 cm and 38.3 cm respectively for
the 1st and 3t league college women football players.
Todd et al.,, (97) reported that vertical jump height
for the British professional, international and
regional women football players were as 49.0, 47.8
cm and 46.6 cm, respectively. Goral ve Goral (35)
obtained the vertical jump height of Turkish women
footballers as 31.3 (+ 2.61 cm).

Sprint is a very important characteristic of
achievement in football and short sprint tests as 10
and 30 meters are widely used for determining
sprint ability (42). In this study, times in the sprint
tests applied to determine the sprint performances
of elite Turkish women football players have been
found as 1.85 (+.12 sec) for 10 meters and 4.96 (+.34
sec) for 30 meters. McCurdy et al. (62) have obtained
that the 10 and 25 meters test scores of women
football players are 2.31 and 4.52 sec, respectively. In
studies conducted on Australian women footballers,
Hoare & Warr (42) obtained 5, 10 and 20 meters
sprint times as 1.23 sec, 2.08 sec and 3.63 sec,
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respectively while Tumilty & Darby (98) achieved 20
meters sprint times of players as 3.31 sec. In
addition, according to Todd et al.,, (97) have stated
that the 5 and 30 meters sprint times of British
professional, regional and international women
football players are 1.04 sec & 4.64 sec, 1.07 sec &
470 sec and 1.02 sec & 4.62 sec., respectively.
Krustrup et al.,, (52) have found 30 meters sprint
running values of Denmark 1%t league women
football players as 4.86 sec while Haugen et al, (37)
have found 4.35 sec for the players of Norwegian
national women football team and 4.43 sec for the 1
league women football players and 4.58 sec for the
2nd league women football players. In a study
conducted by Goral and Goral (35) on Turkish
women football players, the sprint speed of 30
meters was obtained as 5.67 sec.

The agility, which is expressed as a quick
change of direction, is stated to be affected from
balance, flexibility, muscular coordination and
explosive power (89). In addition, agility is a
physiological precondition in football due to the fact
that players often make sudden changes of direction
to be efficient in the match (66, 80). In this study,
agility values of elite Turkish women football
players have been found to be 17.6 (+.67 sec).
Concerning the literature, it is observed that various
tests have been used for measuring the agility skills
of women football players. Vescovi and McGuigan
(100) have reported that the pro-agility and
modified Illinois agility test values of college women
football players are 4.88 sec and 10.24 sec,
respectively. Hoare and Warr (42) have used the 505
agility test to assess the agility characteristic of
Australian women footballers and achieved a mean
value of 2.75 sec.

Wingate anaerobic power test (WanT) usually
measures peak power (PP), mean power (MP) and
fatigue (FI) values. PP is the highest
mechanical power achieved throughout any 5-
second time period in the test and the power in this
reflects the ATP-PC
(alactic) system. MP is the average power obtained
throughout 30 second test period
predominantly reflects the anaerobic glycolysis
energy system in the muscle. FI is the percentage
expression of the reduction in power produced at
the time of testing which shows the total capacity of
emergency and short-time energy systems and ATP

index

duration predominantly

and

generating systems. In other words, it is obtained by
dividing the PP value the difference between the
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minimal power and PP attained in any 5-second
time period during the test (11, 20, 23, 24, 76).

In this study, the absolute and relative
anaerobic power values of elite Turkish women
football players have been found to be 439.7 (+61.18
W) and 8.04 (£1.09 W/kg) respectively for maximal
anaerobic power, 316.1 (+34.4 W) and 5.78 (+.56
W/kg) for maximal anaerobic capacity, 193.6 (+22.3
W) and 3.55 (+.61 W/kg) respectively for minimal
anaerobic power and fatigue index values have been
found as 55.7 (£3.75 %). There
information on the anaerobic power values of

women footballers in the literature. In a study

is a limited

comparing the anaerobic values of Greek 1t league
players
positions, the absolute and relative power values in
terms of peak power parameter are 570 (+63 W) and
9.50 (.79 W/kg) respectively for defensive players,
658 (x29 W) and 9.41 (+.24 W/kg) for goalkeepers,
571 (85 W) and 9.44 (+.70 W/kg) for forwards, 578
(£78 W) and 9.57 (.78 W/kg) for midfielders while
these values are 423 (+48 W) and 7.07 (+.83 W/kg) for
defensive players, 489 (+14 W) and 7.00 (+.06 W/kg)
for goalkeepers, 426 (+59 W) and 7.07 (+.87 W/kg) for
forwards and 432 (+50 W) and 7.21 (.70 W/kg) for
midfielders in terms of mean power values. Fatigue
index values have been obtained as 47.8 (£10.2%) for
defensive players, 47.5 (+6.4 %) for goalkeepers, 44.1
(#4.9 %) for forwards and 44.2 (+7.1 %) for midfield
players (68). These findings are different from the
findings of our study. Tamer ef al., (95) obtained the
anaerobic power values of elite Turkish women

women football according to game

football players as 96.13 kgm/s! by using the vertical
jump test and the Lewis Nomogram, indicating that
this value is moderate relative to the elite women
football players in different countries.

In this study, the right and left hand grip values
of elite Turkish women football players have been
obtained as 30.6 (+4.62 kg) and 29.6 (+4.50 kg)
respectively while back and leg strength values are
90,2 (+18,7 kg) and 101,8 (¥29,5 kg). Nikolaidis (68)
reported that the righy and left hand grip strength
values of the Greek 1+t league women football
players were 31.7 (+4.6 kg) and 29.2 (+3.5 kg) for
defensive players, 33.9 (+8.6 kg) and 33.0 (+4.4 kg)
for goalkeepers, 30.5 (4.3 kg) and 26.9 (3.6 kg) for
forwards, 30.5 (+4.6 kg) and 29.4 (4.6 kg) for
midfield players respectively. In another study by
Nikolaidis (69), the right and left hand grip strength
values of women football players were obtained as
312 (4.5 kg) and 293 (+4.2 kg) respectively.
According to Dey ef al., (29) the left and right hand
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grip strength values of the players in the women
national football team of India were obtained as 31.1
(#2.78 kg) and 29.6 (£3.59 kg) respectively. The
findings of this research and the findings obtained in
the researches of Nikolaidis (68, 69) and Dey et al.,
(29) are similar. Unlike the results of our study, in
the study by Goral and Goral (35) completed on
Turkish women football players, the right and left
hand grip strength values of the athletes were found
to be 25.2 (+1.96 kg) and 24.6 (+1.83 kg) respectively
while the back and leg values were 77.9 (+4.78 kg)
and 90.7 (¢¥2.36 kg). The results obtained in the
relevant study are observed to be quite low. This
difference is thought to arise from the differences in
the struggle level (elite - amateur level) of women
football players.

Velocity and power parameters of elite Turkish
women football players during BT (% 30 of body
(% 40 of body weight)
movements applied by using external loads were
analysed with an isoinertial velocity transducer and
the velocity and power values of women football
players during bench throw movement were 0.85
(.07 m/sec) for MPV, 1.44 (+.10 m/sec) for PV, 140.1
(#26.8 W) for MPP and 273.6 (+43.6 W) for PP while
the velocity and power values in the SJtoaded
movement were 1.21 (+.10 m/sec) for MPV, 2.04 (+.18
m/sec) for PV, 353.6 (+83.2 W) for MPP and 666.3
(#152.1 W) for PP. This is the first study in which
velocity and power values of women athletes are
obtained by using an isoinertial velocity transducer.

CONCLUSION

weight) and  SJtoaded

In conclusion, there are many studies on the
physiological and physical features of elite level
male footballers in the Turkish population and the
desire for games. However, the studies conducted
on elite Turkish women football players are limited
despite the
popularity of women football worldwide and the
current study is thought to be an important source
of reference for the literature of sports sciences. This

increasing professionalization and

study is the most comprehensive study performed
on the performance qualities of Turkish women
footballers at the elite level. When the finding
attained from this research are compared with the
finding of the researches on elite women football
players performed in other countries, it is observed
that the elite Turkish women football players have
lower performance values and their conditions are
in a worse level. Thus, it is necessary for the elite

Turkish women footballers to improve their
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conditional characteristics, which are considered as
prerequisites for successful athletic performance in
order to increase their competing level and to reach
a level for international competition.
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