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ABSTRACT

Women soccer has been increasingly recognized in Portugal. In the present season
(2016/2017), the Portuguese Football Federation (FPF) reported 1018 senior female
soccer athletes federated. The main aim of this study was to obtain a multidimensional
profile of Portuguese female soccer players. The sample comprised twenty female soccer
players (n=20) from the highest competitive level in the country (aged 23.09 £6.11 years,
stature 163.0+6.5 cm and body mass 58.9+6.5 kg) that were submitted to anthropometry
of the whole body, air displacement plethysmography (ADP), dual energy x-ray
absorptiometry (DXA), hand morphology, echocardiography, bioimpedance (BIA), food
frequency questionnaire (FFQ), task and ego orientation in sport questionnaire (TEOSQ),
aerobic fitness, wingate anaerobic test, dynamometry isokinetic (flexors and extensors of
the knee 60, 180 ° s) and dynamometry manual tests. The results provided a profile of
the body size, anthropometry, body composition, food intake, metabolic pathways,
muscle strength and motivational orientation of the athletes. At the end of the study each
participant had an individual report that can be useful in the planning of the training and

the definition of goals for those that work directly with the female soccer athletes.

Keywords: female athlete, soccer, body composition, anthropometry, metabolic

pathways, muscle strength, motivational orientation, food intake.
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RESUMO

O futebol feminino tem vindo a ser cada vez mais reconhecido em Portugal. Na presente
época (2016/2017), a Federacdo Portuguesa de Futebol (FPF) reportou 1018 atletas
seniores femininas federadas. O objetivo do presente estudo foi obter um perfil
multidimensional de atletas portuguesas de futebol feminino. A amostra foi composta por
20 atletas (n=20) do mais alto nivel competitivo no pais (23.09 £6.11 anos, 163.0£6.5 cm
e 58.9+6.5 kg). As atletas foram sujeitas a avaliacfes da antropometria do corpo todo,
pletismografia de ar deslocado (ADP), absorciometria de raio-x de dupla energia (DXA),
morfologia da mao, ecocardiografia, bioimpedancia (BIA), questionario de frequéncia
alimentar (FFQ), questionario de orientacdo para a tarefa e para 0 ego (TEOSQ),
performance aerdbia, teste anaerébico de wingate, dinamometria isocinética (flexores e
extensores do joelho 60, 180 ° s) e dinamometria manual. Os resultados permitem tragar
um perfil do tamanho corporal, antropometria, composigéo corporal, ingestdo nutricional,
vias metabdlicas, forca muscular, orientacdo motivacional. No final do estudo cada
participante fica com um relatério individual que pode ser Gtil no planeamento do treino
e definicdo de objetivos daqueles que trabalham diretamente com as atletas de futebol

feminino.

Palavras-chave: atleta feminina, futebol, composicdo corporal, antropometria, vias

metabdlicas, for¢ca muscular, orientagdo motivacional, ingestdo nutricional.
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INTRODUCTION

Female soccer

Female soccer has grown and become one of the most popular women’s sport worldwide
(Haugen, Tonnessen, & Seiler, 2012). When compared with men, women have a smaller
performance, and can be declared that this differences comes from cardiovascular,
respiratory, hormonal and metabolic systems and body composition (Oliveira, J., Soares,
J., & Marques, A., 2000). Women soccer has been increasingly recognized in Portugal,
not only by the population but also by agencies that manage the sport at the highest level
in the country. Data published in the magazine W Women Football in 2015 indicated that
several objectives had been met by the Professional Football Players Union, over the past
few years. On the season of 2014/2015, figures from this magazine showed the growth
and impact that women soccer had in the country. Among these, they highlighted an
increase of 24% applications in the federation in the last six years, reaching in 2015, 2116
players, in a total of 50 teams. At the moment, in Portugal there are only two competitive
levels in the senior female soccer. The highest one is the Allianz Women Soccer League

(14 teams), and the second one is the Promotion National League (50 teams).

Previous studies can be found in databases such as PubMed and B-On regarding
the female soccer player. In a brief literature review, can be noticed that most of the
research in the area took place after 2000 with an exponential increase in the last five
years. The majority of the field studies were descriptive and considered on elite athletes,
who are at the highest competitive level of the country where they are federated.

Taking as reference the Women's International Ranking of the Fédération
Internationale de Football Association (FIFA), in ascending order, the top ten world's
national teams are: United States, Germany, France, England, Australia, Sweden, Japan,
Brazil, Democratic People’s Republic of Korea and Canada. (Last updated data 24 June
2016 on the official FIFA website). These data have similarities with the countries where

can be found the main women's soccer studies, showing that these were the ones that carry
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investment research on the sport. So, the question was: Do these countries conduct
research because they were the best in the sport or, on the opposite, were they the best in

the sport because previously there was an investment in research?

However, in this list of the best 50 teams of the world, Portugal was only in the
40th position and the research in the female soccer in the country had some weaknesses.
It is important to look at sport in the developed countries and at the work that they develop

for the women's soccer growth in its territory.

The effort in soccer is predominantly intermittent with players performing
aerobic activities at low intensity during most of the time in a match and separated for
numerous episodes of high-intensity anaerobic work (Bangsbo, Mohr, & Krustrup, 2006).
The physical capacity and tactical role of a team induces individual differences in the
physical demands during a game, and that’s why science has been so important in the
planning and execution of the training process (Bangsbo et al., 2006; Kirkendall, 2011).
Soccer coaches need to know the athletes biological and physiological to adapt the

training process and to achieve the goals of the competition level (Castelo, 1996).

Body Composition

The body composition in a soccer player changes across the season. The percentage of
fat mass increase in the off-season and the most notable decrease is in the pre-season
period (Reilly & Doran, 2003). Capacities such as power and endurance show a
decrement when the body mass and fat mass increases in female soccer players
(Milanovi¢ et al., 2012). Because of the sport muscular demands, soccer players have,
usually, a greater development in the lower limbs muscles than in the upper limbs (Reilly
& Doran, 2003).

The most frequent method for assessing body composition is the dual energy x-

ray absorptiometry (DXA). This exam calculates the bone mineral density (BMD), which
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depends on the individual bone mineral composition and is influenced by age, gender and
race. If adulthood is reached with a low BMD the person has greater risk of osteoporosis
in the future (Katharina G., 2004). A comparative study between swimmers and female
soccer players showed that soccer players had higher bone mineral density and strength
parameters than swimmers. The training influences this component and the geometric
parameters of the hip. This study concluded that higher impact sports, such as soccer,

were better to increase bone mineral density (Ferry et al., 2011).

Physiology of Female Soccer Player

Soccer is characterized as a high-intensity intermittent game which requires the use of
oxidative and nonoxidative systems (Reed, De Souza, & Williams, 2012). The average
distance covered per game in women's soccer elite athletes is approximately 10 km,
however, the majority of this distance is covered by low intensity (Datson et al., 2014;
Bangsbo et al., 2006). This distance depends on the position that the athlete plays on the
field. Central defenders cover less total distance at high-intensity running than the rest of
the players, the attackers cover an equal distance than the full-back and midfield players
but they do more sprints at high-intensity. The full-backs cover a considerable distance at
a high-intensity and by sprinting but do less headers and tackles than the other players.
The midfield player covers an equal distance than the attackers and full-backs and do

more headers and tackles than the other positions (Bangsbo et al., 2006).

The biological characteristics of women reduce their physical capacities when compared
with men, so they cannot do the same intensity training (Katharina G., 2007). Women
have physiological differences, such as the lower engine capacity, because they have less
muscle mass, smaller hearts, less total blood volume, and less hemoglobin (Kirkendall,
2011). In a FIFA document for the development of women’s soccer, Katharina G. (2007),
reported that women can train at a relative intensity between 70-75% of their VO2max.
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With all the high-intensity episodes that the soccer players have to do during a
game, they must be prepared to have short periods of recovery between episodes, so they
need to have a high anaerobic capacity using the anaerobic glycolysis (Reilly & Doran,
2003). During a match, as result of the anaerobic metabolism, the lactate production is
high and the blood lactate level can be high even though the muscle lactate concentration
is relative low. (Bangsbo et al., 2006; Kirkendall, 2011).

Task and ego orientation in sport

Task and ego orientation are both related to the intrinsic motivation of a subject. In a state
of task involvement, the athlete is focused on the process in order to enjoy and achieve
the goals of the activity. It should correspond to adaptive cognitions and positive
achievement behaviors, regardless the person’s level ability in sport. On the other hand,
ego-involved athletes do the exercise look to meet a performance standard rather than
appreciate the task, this subjects have a high motivation and confidence in the sport
ability. (Duda, Chi, Newton, Walling, & Catley 1995).

TEOSQ (Task and Ego Orientation in Sport Questionnaire) was developed to
assess individual differences in tendency for emphasizing task and ego involving criteria
for defining success in sport. In the questionnaire, ego orientation was hypothesized to
have less significantly correlation with scores on the enjoyment/interest subscale, and
task orientation, on the opposite, with more significantly correlation (Duda et al., 1995;
Castillo et al., 2010).

Echocardiography

Echocardiography has become the dominant cardiac imaging technique (Lang et al.,
2005). At the end of the 6th week of fertilization, the heart general structure it’s formed
and after the 8th week we can already contrast the main blood vessels. The heart mass
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has a continuous growth until the end on the 3rd or 4th decade of life. (Malina, Bouchard,
& Bar-Or, 2004). The left ventricular mass (LVVM) is similar in both sexes until age nine
to twelve, but after it grows faster in boys than the girls. This mass is influenced by sports
performance and the work performed by the heart muscle. (Malina, Bouchard, & Bar-Or,
2004). With sports practice there are changes in the diameter of the heart cavities and
walls thickness, this process is called cardiac remodeling. The left ventricle it is the most
studied heart cavity (Castanheira et al., 2014). The myocardium hypertrophy increases
the stroke volume and the left ventricular cavity size, which increases the volume during
the systole (Reilly & Doran, 2003).

The main aim of this study was to obtain a multidimensional profile of Portuguese female
soccer players, completing a set of functional assessments and body composition. This is
something that can also promote the women soccer in the country because existing greater
investment in the knowledge of which capabilities and needs the athletes have, and
providing knowledge to those who work directly with them improvements will be found,

not only in the yield of each athlete, but also at a national level in the quality of practice.
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METHODS

Study design

The research proposal was submitted to the scientific board and to the Ethics Committee
of the Faculty of Sport Sciences and Physical Education of the University of Coimbra.
Written informed consent was obtained from all participants after verbal and written
explanations of the experimental design and potential risks of the study. All
measurements were performed in the laboratories of the Coimbra University Stadium and
School of Health, both in Coimbra. The same research team assessed all data in two
occasions. The athletes, from each team, were evaluated on the same day and place, on
the same conditions and protocols, by experienced technicians. To evaluate the body
composition, they were submitted to anthropometry of the whole body, air displacement
plethysmography (ADP), dual energy x-ray absorptiometry (DXA), hand morphology,
echocardiography and bioimpedance (BIA) tests. A food frequency questionnaire (FFQ)
and task and ego orientation in sport questionnaire (TEOSQ) was applied. For functional
evaluation the subjects performed: aerobic fitness, wingate anaerobic test, dynamometry

isokinetic (flexors and extensors of the knee 60, 180 ° / s) and dynamometry manual tests.

Participants

The sample comprised 20 Portuguese female soccer players (n = 20) of the Allianz
Women’s Soccer League. All participants showed the right dominant member and were
from two teams that achieved the highest competitive level in the year of the
measurements (aged 23.09 +6.11 years, stature 163.0+6.5 cm and body mass 58.9+6.5
kg). The inclusion in the sample ensured: (1) more than two years of training experience
and (2) at least three weekly training units. The participants were the following: two
goalkeepers, four wingers, five midfielders, four full-backs, two forwards, three center-

backs.

Anthropometry
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All measurements were performed by a single experienced observer, based on standard
protocols (Lohmann, Roche, & Martorell, 1988). The measures that make the
anthropometric characteristics of the study were: body mass, stature, sitting height,
circumferences, areas, volumes and lengths. The athletes were weighed barefoot and only
in shorts and sports top. It was used a SECA scale (model 770, Hanover, MD, USA), with
an accuracy of 0.1 kg. Stature was measured by portable stadiometer Harpenden (model
98603, Holtain Ltd, Crosswell, UK), with an accuracy of 0.1 cm. The observer told the
athletes to take the anthropometric position of reference, and ensure the orthogonality of
the Frankfurt reference line relative to the scale. The sitting height was measured in
Harpenden sitting height table (Holtain Lts, Crosswell, UK), with the same precision of
0.1 cm with the observer leveling the platform for support and length of the supporting

surface.

Circumferences, volumes and lengths were obtained using an anthropometric tape
one the left and right sides of the body with 0.1 cm precision. The subjects were standing
with the upper limbs relaxed beside the trunk. The participants were pen marked in six
points in the upper limb (the ulnar styloid, the largest girth of the forearm, the olecranon,
the largest girth of the arm, the distal insertion of the deltoid and the acromion), after the
observer measured the five lengths between the points from distal to proximal (Rogowski,
Ducher, Brosseau, & Hautier, 2008). The lower limbs were pen-marked in three points
(the inferior gluteal line, maximal perimeter with the member relaxed and the femoral
condyle). The two lengths in the thighs were measure between this points from distal to

proximal.

Hand morphology

The participant was with the hand in pronation on a transverse plane and with the fingers
in maximum extension and maximum distance between each other. The third finger (3D)
was in the prolongation of the antebrachial segment. The measurements corresponded to

the distances, in centimeters, between the midpoint of the osteo-transverse, at the level of
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the styloid processes, and each of the distal points. After the ratio 2D:4D was produced
for each hand.

Echocardiography

For the evaluation of echocardiography it was used, by the same observer, one
transthoracic cardiograph in the left lateral decubitus position, comprising an ultrasound
device Vivid 3, with a multifrequency probe of 1.5 to 3.6 MHz (GE Vingmed Ultrasound,
Horten, Norway). The dimensions of the cardiac cavities and thicknesses were evaluated
at rest. The diameter of the aortic root (DAR) was determined by M-mode guided by 2D.
The M-mode is the method most used in the literature, because of its ability to largely
determine the morphological parameters of the heart. The diameter of the left atrium
(DAE) was measured by the incidence of the long axis left parasternal. The telediastolic
and telesystolic diameters of the left ventricle (LV). The thickness of the interventricular
septum (SIV) and LV posterior wall in diastole (LVPWD) were measured by the
incidence of long axis, after the leaflets of the mitral valve, according to the American
Society of Echocardiography (ASE) and the European Association of Echocardiography
(EAE). Based on the above dimensions, LV mass (LVM) was estimated by the cubic
equation of ASE, modified and obtained by the autopsy of 52 cadavers by Devereux et
al., (1986).

The study also evaluated accurately: left ventricle based on the diameters and
thickness, its fractional shortening and ejection, right and left atrium areas, left ventricular
volumes, maximum blood velocity and gradient in aortic valve, mitral and tricuspid valve
annulus velocity through the Doppler Tissue, tricuspid annular systolic excursion
(TAPSE) and heart rate.

Air displacement plethysmography (ADP)

In order to estimate the body density (kg'L™) through the body volume it was used an air
plethysmography offset (Bod Pod Composition System, model Bod Pod 2006 Life

Measurement, Inc., Concord, CA, USA). Initially, a scale incorporated into the unit, with
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an accuracy of 0.01 kg, calculated the body weight. The device was calibrated before each
evaluation, using a cylinder of 50,225 L. All players were evaluated using only underwear
and a cap, sitting in the chamber of the Bod Pod, motionless while the system estimates
the body volume two consecutive times and, when necessary, three times, considered
valid if their difference is less than 150 mL. It is then estimated tidal volume for the
achievement of the body volume. The body density (body mass/body volume) was
calculated and used to estimate the percentage of body fat, using the equation of Siri
(1961): (%FM = [(4.95/D) -4.50] x 100). This percentage was finally converted into fat
mass (FM-ADP) and then, subtracted from the whole body mass, estimating the fat-free
mass (FFM-ADP).

Dual energy x-ray absorptiometry (DXA)

Another method used to assess the body composition of the athletes was the dual energy
x-ray absorptiometry (DXA). The measure was made with the equipment Lunar iDXA
(General Electrics Healthcare, Lunar iDXA, software enCORE version 15, US/CALA).
The Lunar iDXA bone densitometer provides an estimate of bone mineral density (BMD),
fat mass and lean tissue (LST). The values can then be compared to a reference population
at the sole discretion of the physician. This is the most used method for the assessment of
bone mineral density. This evaluation also estimates the percentage of fat mass and non-
fat mass of each subject. The subjects were evaluated in the supine position and all the
evaluations carried out on the same day, in a certified laboratory and by the same
experienced technician. In the data analysis it was considered to the whole body, lower
limbs and thighs: the lean soft tissue (LST, g), the body mineral content (BMC, g), bone
area (cm?), BMD (g/cm?), fat mass (FM-DXA, kg) and fat free mass (FFM-DXA, kg).

Bioimpedance

The third method of assessing body composition, present in this study was the
examination of bioelectrical impedance (BIA 101 System Analyzer, Akern, Florence,
Italy), allowing bicompartimental estimation of body composition from the resistance

measurement (Rz) and reactance (Xc), impedance and phase angle (Coppini, Bottoni,
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Silva, & Waitzberg, 1998). From this examination can be estimated the total body water,
intracellular and extracellular of the individual as well as their percentage of fat mass
(FM-BIA), fat-free mass (FFM-BIA), body cellular mass and muscle mass (Rodrigues,
Silva, Monteiro, & Farinatti, 2001; Eickemberg, 2013). In parallel, it was also used the
InBody770 scanner (In-body Bldg, Seoul, Korea), which has a bioimpedance
measurement method segment direct multi-frequency (DSM-BIA), quadrupole with eight
electrodes which ensures greater accuracy and minimizes the error, with frequency 1, 5,
50, 250, 500 and 1000 kHz. The measurement time was 60 seconds, with the subjects in
a standing position according to the manufacturer instructions after shoes, coats and
sweaters had been removed. The report provided by the equipment gives a large amount
of data, however, to this study it will only be considered the skeletal muscle (kg), total
body water (TBW, L), intracellular water (L), extracellular water (L), proteins (kg),
minerals (kg) fat mass (kg and %), fat visceral area (cm?), fat mass in the upper limbs,
trunk and lower limbs (kg), basic metabolic rate (kcal), body cellular mass (kg) and the

phase angle of the whole body.

Wingate anaerobic test (WANT)

The aim to use this method in the study was to evaluate the anaerobic power of the
subjects. It consisted in cycling for 30 seconds at maximum speed against a constant
resistance force previously determined (body mass x 0.075 kg). It was used a cycle-
ergometer Monark Peak Bike (model 824e) with a Baumer sensor (CH-8500 Frauenfeld
model). The seat height was adjusted according to their body size, in order to keep the leg
slightly below its maximum extension at the end when the member completes the cycle
of movement. The warm-up of the protocol used was the one produced by Armstrong and
Welsman (2000), very recurrent in the literature. The test begins with the subject pedaling
at a steady pace between 50 and 60 rpm with only the resistance of the ergometer weights
support. Once a steady pace is achieved it was given a countdown "3-2-1-go", and applied
the resistance force that started the online data collection system. The subject was
encouraged verbally making an effort of 30 seconds at maximum speed. Data were
extracted of 1 Hz and 50 Hz. For 1 Hz were collected the absolute maximum mechanical

power (watt); the relative maximum mechanical power (watt'kg™, watt-kgrem?, watt-kgL™

22



1y; the absolute average mechanical power (watt); the relative average mechanical power
(watt'kg?, wattkgeemt, wattkg'L1) and fatigue index (%, WANT FI) (difference between
the maximum and minimum values, being expressed as a percentage of the maximum
value). In data extracted of 50 Hz were collected the absolute maximum mechanical
power (watt); the relative maximum mechanical power (wattkg™), time at maximum
mechanical power (ms), the absolute average mechanical power (watt); the relative
average mechanical power (wattkg™), the power drop (watt, wattkg?), the maximum
speed (rpm), power at maximum speed (watt), time at maximum speed (ms) and decline

in power (watt).

Aerobic fitness

The maximum oxygen uptake (VO2max) was measured using an incremental running test
in monitored treadmill (Quasar, HP Cosmos, Germany). This was the first functional
method that the subjects performed in the day of the measurements. The warm-up last
one minute at a speed of 7 km/h with an inclination of 2%. The test started at a speed of
8 km/h, increasing 1 km/h each minute, maintaining a constant inclination in 2% until
exhaustion. Between each level the subject evaluated the previous level through his
perception of effort (CR10-Borg Scale). Blood lactate (mmol-L ) was collected one and
three minutes after completion of the test using a portable analyzer (Lactate Pro Analyser,
Arcay, Inc). The criteria used to obtain the value corresponding to the maximum oxygen
consumption were: (1) the existence of a "plateau” in oxygen consumption, despite an
increase in exercise intensity; (2) lactemia concentration exceeding 6 mmol/L; (3) a
respiratory exchange ratio > 1.11; (4) Heart rate within 10% of the maximum value
expected for the age; (5) impressionist sense of having reached a state of exhaustion
(Howley, Basset, & Welch, 1995). Expired oxygen flow and carbon dioxide
concentrations were measured breath by breath (Quark Cosmed, Italy). From the data, the
study considered the first ventilatory threshold, the respiratory compensation point
threshold and the VO, max. From each one was extracted: O, uptake (mL'min™; mL kg
Lmint; % VO, max), heart rate (opm), time it was occurred (s), speed it was occurred

(Kmh) and the respiratory exchange ratio (RER).
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Sub-maximal ventilatory thresholds were obtained from respiratory equivalents
of oxygen uptake (VEVOz) and carbon dioxide release (VECOy), together with
pulmonary ventilation equivalent (VE). The lowest workload in which is observed an
increase of VEVO, without concomitant increase of VECO2 was considered the first
ventilatory threshold (VT1) (Dekerle et al., 2003; Wasserman & Mcllroy, 1964). The
lowest workload in which concomitant VEVO2 and VECO: increase was considered the
respiratory compensation point (RC) (Dekerle et al., 2003; Wasserman & Mcllroy, 1964).
This two thresholds need two coincide with the first and second non-linear increases in
ventilation (VE) (Dekerle et al., 2003). VO2max is defined when there is a plateau defined
by an increase of less than 1.5 mL'kg™*'min"tin VO, even when the intensity in the exercise
increase (Dekerle et al., 2003; Midgley, McNaughton, & Jones, 2007).

Eight reports were used to determine inter-observer variability. Two independent
researchers blindly reviewed the plots and determined VT1 and RC individually. For first
ventilatory threshold (VT1), respiratory compensation point (RC) and VO2max reliability
coefficients (R) were: 0.93, 0.90 and 1.00, respectively. Coefficients of variation (CV)
between researchers ranged from 0.3% to 2.7%.

Isokinetic dynamometry assessment (knee flexors and extensors)

This assessment was carried out in the dominant member in an open kinetic chain by
Biodex System 3 dynamometer (Shirley, NY, USA) at 60° and 180°/s. In a study for
validation of this device it was concluded that it is reliable and that produces valid
assessments (Drouin, Valovich-mcLeod, Shultz, Gansneder, 2004) The test carried out
with a five minutes warm-up in a cycle ergometer (814E Monark, Varberg, Sweden) with
a resistance value corresponding to 2% of the body mass of the subject (Brown, 2000)
cycling between 50 and 60 rpm, followed by three exercises of static stretching of the
quadriceps, hamstrings and adductors, with a duration of 20 seconds each. The

participants sat on the chair, the lever arm was aligned with the lateral condyle of the knee
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and the fixing strip to the tibial tarsal joint is placed three to five cm of the medial
malleolus of the tibia. It was asked to the subject to undertake voluntary maximum
extension member and considered the value 0°. Then was asked to perform knee flexion
to calibrate the device to 90°. Before the participants performing the test, a correction of
the gravity effect of the lower limb and the severity of the lever arm was made by
weighing the relaxed member (Osterning, 1986). The participant was also instructed to,
that during the test, have the arms crossed on his chest with the hands on his shoulders
(Brown, 2000; De Ste Croix, Deighan, & Armstrong, 2003). Participants performed three
continuous repetitions for familiarization with the equipment, motion and strength, and
then five maximal repetitions with 60 seconds interval between each. The moments of
maximum force in flexion and extension were expressed in Newton per meter (N'm), and
then the peak torque extracted in both movements, the angle at which it occurred, the
mean torque in the five repetitions and the ratio H/Q (hamstrings per quadriceps) using
the program Acknowledge, version 4.1 (Biopac Systems, Inc.). The peak torque was
obtained from the highest point of the isokinetic torque curves, and the peak moment
(Perrin, 1993). The conventional ratio H/Q divides the values for the peak torque in the
hamstrings in concentric mode, by the peak torque in the quadriceps in the same
contraction mode. This ratio it’s a great instrument for the injury prevention in athletes

and its value must approach 0.60 (Heiser, Weber, Sullivan, Clare, & Jacobs, 1984).

Hand grip dynamometer

For this evaluation it was used a manual dynamometer Lafayette (model 78010), adapted
to the hand of each subject. The test was performed standing, with arms extended laterally
to the trunk, separated approximately 45 degrees. Both hands were evaluated, using three
tests and their results expressed in kilograms (kgf) with one decimal place. During the
test, the pressure must be carried out continuously, the arm cannot touch the body while

the strength is measured.

Food frequency guestionnaire (FFQ)
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It was applied a food frequency questionnaire, semi-quantitative, validated by Lopes et
al. (2000) by the Department of Hygiene and Epidemiology, Faculty of Medicine,
University of Oporto for the Portuguese general population. The questionnaire was
structured based on the model of the FFQ of Willet et al. (1998) and was developed by
the Department of Public Health of the Faculty of Medicine, University of Alicante
(Vioque & Gonzalez, 1991). It has 86 items covering the intake of solid and liquid food
during the 12 months before filling it in. In each item the subject chooses an option from
a Likert scale (from "never or less than once per month™ to "6 or more times a day"). The
food intake is calculated after taking into account the frequency and portion of each item.
The questionnaire identifies a base amount of calories (kcal) consumed, protein (% PTN),
carbohydrate (% CH), total body fat (% TBF), saturated fat (% SF), monounsaturated fat
(% F/Mon), polyunsaturated fat (% F/Pol) cholesterol (Chol, mg), dietary fiber (FIB, g),
Ethanol (EtOH, g) and calcium (Ca, mg). The food frequency questionnaire was applied
to the whole sample. It is an economic tool, simple and able to distinguish the different

patterns of inter-consumption (Sampson, 1985; Willett, 1994).

Task and Ego Orientation in Sport Questionnaire (TEOSQ)

For this method it was used the Portuguese version (Fonseca & Biddle, 1996) of the Task
and Ego Orientation in Sport Questionnaire (TEOSQ, Chi & Duda, 1995). This
questionnaire consists of 13 items with options of choice in a Likert scale of five points,
ranging from "1 - totally disagree” to "5 - | totally agree.” Seven of the items are related
to the task orientation and six are related to the orientation of the ego.

Statistical analysis

Descriptive statistics were performed for each variable. It was calculated the range
(minimum and maximum), the mean (value, standard error (SE), 95% Confidence
Interval 95% (ClI) and standard deviation (SD). All the calculations were made using the
SPSS version 22 (IBM SPSS Statistics, Armonk, NY, IBM Corp).
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RESULTS

The descriptive statistic tables for every variable of each method on the study showed the
range (minimum and maximum), the mean (standard error and confidence interval of
95%) to describe the central tendency and the standard deviation (SD) to describe the

dispersion.

Age and training experience

Table 1 shows the descriptive statistics for the chronovariables and body size of the
female soccer players observed in the study (n=20). The chronological age averaged
23.09 +6.11 years. The players have a training experience from 2.0 to 20.0 years with a
mean value of 8.7+5.4 years. The stature mean is 163.0£6.5 cm and for body mass
58.9+6.5 kg.

Anthropometry

Tables 2-3 report information on upper limbs circumferences and areas. The axillary
circumference mean is 32.0£2.4 cm in the left upper limb and 32.8+£2.4 cm in the right,
subdeltoid 25.8+1.9 cm and 26.0+1.8 cm, midarm 23.6+1.5 cm and 23.8+1.3 cm, elbow
22.3£1.2 cmand 22.4+1.3 cm, forearm 21.6+1.2 cm and 21.8+1.3 cm, wrist 14.4+0.7 cm
and 14.6+0.7 cm. For the areas 81.9+12.4 cm? for the axillary in the left upper limb and
86.0+12.4 cm? for the right, 53.3+7.8 cm? and 53.9+7.3 cm? for the subdeltoid area,
44.4+5.7 cm? and 45.2+5.0 cm? for the midarm, 39.5+4.2 cm? and 40.2+4.9 cm? for the
elbow, 37.2+4.3 cm? and 38.0+4.6 cm? for the forearm, and the wrist with a mean of
16.4+1.5 cm? and 16.9+1.6 cm?.,

Table 4 report the lengths in the upper limbs, the length 1 average on the left upper
limb was 11.2+1.1 cm and on the right was 11.3£1.4 cm, length 2 averaged 7.2+1.0 cm
on the left and 7.2+£0.9 cm on the right, length 3 left side 8.0+1.0 cm and 8.1+0.9 cm on
the left side, length 4 shows 7.1+0.9 cm on the left upper limb and 8.2+1.0 cm, the length
5 averaged 14.6+1.2 cm on the left side and 13.9+1.1 cm on the right upper limb.
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Table 5 shows the values for the upper limb volumes, obtained from the
circumferences, areas and the five lengths. In the left upper limb, the volume range from
1.67 L to 2.78 L and the mean value is 2.09+£0.29 L, the right one range from 1.80 L to
2.73 L and average 2.17+0.27 L.

Table 6 report the proximal circumference of the left thigh (57.2+4.7 cm) and on
the right thigh (57.6+4.9 cm), the medial circumference averaged 50.1+£3.5 cm on the left
and 50.6+3.6 cm on the right, and the distal 36.8+£1.9 cm on the left and 36.9+£1.9 cm on
the right thigh. The area of the proximal circumference averaged 262.2+43.6 cm? on the
left thigh and 266.0+45.9 cm? on the right, the left medial 200.4+28.3 cm? and the
204.4+29.5 cm? and the area of the distal circumference averaged 108.2+10.9 cm? on the
left and 108.9+11.4 cm? on the right.

Table 8 present the two lengths measured on each thigh. The first one proximal
10.5+£1.9 cm on the left and 10.6 £1.9 cm on the right, the second one distal 20.8+4.1 cm
in the left and 20.8+4.2 cm in the right. With this measures we could estimate the volume
(table 9) for the left thigh 5.60+1.47 L ranging from 3.11 L to 8.96 L and for the right
thigh 5.73+1.52 L ranging from 3.22 L to 8.72 L.

Hand Morphology

Table 10 shows the descriptive statistics for the left and right hand morphology. In the
left, 1D showed a mean value of 13.43+0.61 cm, 2D 17.79+0.87 cm, 3D 18.32+0.89 cm,
4D 17.28+0.79 cm and 5D 14.79+0.81 cm. The ratio between the second and fourth
fingers (2D:4D) averaged 1.029+0.012 cm. On the right hand 1D showed a mean value
of 13.35+0.58 cm, 2D 17.75+0.89 ¢cm, 3D 18.34+0.90 cm, 4D 17.28+0.82 cm, and 5D
14.74+0.78 cm. The ratio between the second and fourth fingers (2D:4D) averaged
1.028+0.015 cm.

Ecocardiography

Table 11 describes the echocardiography parameters. The telediastolic diameter of the

left ventricle averaged 49.6+2.8 mm and the telesystolic 31.9+£1.9 mm. The thickness of
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the interventricular septum ranging from 6.7 mm to 8.8 mm and averaged 7.7+0.5 mm.
The thickness of the posterior wall showed 7.21+0.32 mm and the thickness of the left
ventricle wall 0.292+0.018 mm. The left ventricle mass ranging from 61.0 g to 90.0
g and averaged 74.7+9.4 g. The fractional shortening was 73.1+4.1% and the fractional
ejection 24.7£2.0%. We also predict the root diameter of the aortic (32.6+3.2 mm), the
left atrium diameter (14.0+2.1 mm) and area (13.2+1.7 cm?) and the right atrium area
(121.1+20.0 cm?). We can also determine the end-diastolic volume (84.1+19.1 mL), the
end-systolic volume (97.7£17.0 mL). The velocity of the blood pumped in mitral annulus
averaged 2.1+0.5 cm's?, maximum blood velocity in aorta was 7.1+1.3 cm's?! and

tricuspid annular systolic excursion (TAPSE, 22.6+2.3 mm).

Bioimpedance

Tables 12-13 shows two different technologies, the bioelectric impedance (n=20) and the
InBody 770 scanner (n=19). The first one showed that the fat mass of the participants
averaged 27.4+4.3% and the second one a mean of 22.8+4.2%, for the body cellular mass
the mean is 20.9+1.7 kg in the bioelectric method and 29.9+2.8 kg in the Inbody 770. The
extracellular water averaged 13.4+1.6 L in the first one and 12.4+1.2 L in the second, the
intracellular water 19.1+1.6 L in the first and 20.9+2.0 L in the second. ~From the
bioelectric impedance we can also extract the fat free mass 72.6+4.3% and the muscle
mass 43.8+2.6%. From the Inbody 770 the study observe that the mean on proteins is
9.0+0.8 kg and for the minerals 3.3+0.3 kg, fat mass in left and right upper limbs 0.8+0.3
kg, fat mass in trunk was 6.6+£2.0 kg, and fat mass in lower limbs 2.2+0.5 kg. The fat

visceral area was 52.3+17.1 cm?.

Air displacement plethysmography

Table 14 present the descriptive statistics for the air displacement plethysmography
(n=20). Body mass averaged 58.949+6.546 kg, thoracic gas volume 3.049+0.274 L, body
volume 56.146+6.771 L, body density 1.051+0.143 kg'L™?, fat mass 79.1+6.7% and fat
free mass 20.9+6.7%.
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Dual-energy x-ray absorptiometry

Table 15 shows the descriptive statistics for body composition by dual-energy x-ray
absorptiometry. The mean value for the lean soft tissue in the whole body was 40.5+4.0
kg, for the bone mineral content 2.6+0.3 kg, the bone area averaged 2101+131 cm?, and
the bone mineral density 1.216+0.970 g/cm?. This method also predicts the fat mass
(26.6+4.1 %) and the fat free mass (69.1+£3.9 %).

Table 16 presents the same variables but, this time, for the lower limbs of the 20
participants. For the study it was considered the lean soft tissue (14.45+1.89 kg), BMC
(0.92+0.18 kg), bone area (713+86 cm?), BMD (1.278+0.154 g/cm?) and fat mass
(30.2+3.9%).

Table 17 reports the descriptive statistics for the same variables but for the right
and left tight. All the subjects in the study had as the dominant member the right one, and
its lean soft tissue averaged 7.16+0.86 kg, the BMC mean value was 0.48+0.05 kg, bone
area 364.0+29.2 cm?, BMD 1.312+0.069 g/cm? and fat mass 30.5+3.9%.

Wingate anaerobic test

Table 18 report the data exported from the wingate anaerobic test. For the 1 Hz extraction
we could see that the absolute maximum mechanical power ranging from 474.0 watt to
770.0 watt and averaging 618.3+78.9 watt. The relative maximum mechanical power
range was from 8.7 wattkg™? to 14.1 wattkg™ with a mean of 10.5+1.3 wattkg™. The
absolute average mechanical power was 419.2+52.9 watt and the relative mean value was
7.1+0.8 wattkg™. The fatigue index ranging from 15.7% to 40.3% and averaged
31.9+6.5%. For the 50 Hz extraction we also calculated the absolute maximum
mechanical power (653.94£84.7 watt) the relative maximum mechanical power (10.8+1.5
wattkg™), the absolute average mechanical power (437.5+54.9 watt) and the relative
average mechanical power (7.5+0.8 watt'-kg™). The power drop was 379.4+85.8 watt, the
maximum speed was 124+10 rpm and the decline in power averaged 361.0+£76.9 watt.
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Aerobic fitness

Table 19 shows three different important points from the maximal oxygen uptake in
treadmill test. The first one is the first ventilatory threshold (VT1), the second is the
respiratory compensation point (RC) and the last one is the VO,max. In the first
ventilatory threshold we can indicate that the O uptake occurred in mean at 9.0+0.6 km'h
Land it averaged 30.73+3.60 mLkgmin™ with a RER of 0.84+0.08. In the respiratory
compensation point the O, uptake averaged 39.77+4.37 mLkglmin?, occurred at
11.9+0.7 kmh™ and the respiratory exchange ratio was 0.98+0.06. For the VO.max, the
O uptake was 45.08+4.67 mL-kg™ 'min, at 14.5+1.3 km-hand the respiratory exchange
ratio was 1.14+0.07. The final blood lactate concentration mean value was 11.9+2.9

mmol-L?.

Isokinetic strength of the knee flexors and extensors

Table 20 report the values for the dynamometer isokinetic test. In the first angular velocity
(60 °/s), the peak torque mean value during extension was 145.7+25.2 N'm, the mean
torque in the five repetitions in all the subjects averaged 136.6+23.4 N'm and the angle
were the peak occurs was 61.4+6.0°. For the flexion movement the peak torque mean
value was 84.8+12.8 N'm, mean torque for all the subjects in the five maximal repetitions
79.8+13.5 N'm and the angle were the peak occurred was 33.8+8.9°. After the
conventional ratio between the muscles doing concentric contraction during de flexion
and the muscles doing the same contraction in the extension was determined, ranging
from 0.49 to 0.66 N'm and averaged 0.59+0.05 N'm. At 180°/s the peak torque mean
value for the extension was 97.4+12.9 N'm, the mean torque in the five repetitions
averaged 87.2+15.2 N'm and the peak torque angle 57.0+6.7°. For the flexion the mean
value for the peak torque mean value was 66.6+11.2 N'm, the mean torque in the five
repetitions was 60.4+8.8 N'm and the angle were the peak torque was 25.8+15.0°. The
conventional ratio mean value for this angular velocity was 0.69+£0.09 N'm ranging from
0.58 t0 0.84 N'm.
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Hand grip dynamometer

Table 21 present the descriptive statistic for the manual dynamometer test. To the left
hand the strength values ranging from 16.0 kgf to 37.0 kgf and the mean value was
26.7+4.9 kgf. For the right hand, the range values showed from 20.0 kg f to 42.0 kgf and
averaged 30.2+5.7 kgf.

Task and ego orientation in sport questionnaire

Table 22 reports the results for the TEOSQ answers. Ego orientation range values were
from 1.00 to 4.00 and averaged 1.77+0.72. The subjects were more involved with task

orientation, ranging from 3.00 to 5.00 and showing a mean values of 4.16+0.42.

Food frequency guestionnaire (FFQ)

Table 23 shows the results for the food frequency questionnaire, that the subjects
answered having in mind the last 12 months before the measurement day, we can extract
the calories that the subject ingest per day (2671+1030 kcal). Also the nutrients per day,
like proteins (21.0+3.5%kcal), carbohydrates (49.1+8.1 %kcal), total fat (31.7+5.6
%kcal), the saturated fat (8.7+£2.3 %kcal), monounsaturated fat (13.6+2.6 %kcal),
polyunsatured fat (5.1+1.4 %kcal), cholesterol (468.1+269.6 mg), fibers (35.7£18.2 g),
ethanol (36+18 g) and calcium (1131+614 mg).
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Table 1. Descriptive statistics for the chronovariables and body size (n=20)

range Mean standard deviation
minimum Maximum value SE (95% CI)

Chronological age years 16.58 37.79 23.09 1.37 (20.65 to 25.84) 6.11
Training experience years 2.0 20.0 8.7 12 (6.5t0 10.9) 54
Stature cm 150.9 176.0 163.0 15 (160.4 to 165.7) 6.5

Sitting height cm 80.9 93.6 86.9 0.7 (85.7 to 88.3) 3.2

Leg length cm 70.0 83.8 76.0 0.9 (74.6 to 77.6) 3.8

Body mass kg 49.4 72.5 58.9 15 (56.0 t0 61.9) 6.5

SE (standard error); CI (confidence interval)
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Table 2. Descriptive statistics for circumferences in the upper limbs (n=20)

Variables range mean standard deviation

Laterality Site units minimum maximum value SE (95% CI)

Left axillary cm 27.8 36.2 32.0 0.6 (30.9t0 33.1) 24
subdeltoid cm 22.0 29.3 25.8 0.4 (25.0 t0 26.7) 1.9
midarm cm 215 26.8 23.6 0.3 (22.91t0 24.2) 15
elbow cm 20.5 24.6 22.3 0.3 (21.7 t0 22.8) 1.2
forearm cm 19.1 24.3 21.6 0.3 (21.1t0 22.1) 1.2
wrist cm 13.3 15.6 14.4 0.2 (14.1t0 14.6) 0.7

Right axillary cm 28.5 36.9 32.8 0.5 (31.7t0 33.9) 2.4
subdeltoid cm 23.0 29.8 26.0 0.4 (25.2t0 26.7) 1.8
midarm cm 21.3 26.5 23.8 0.3 (23.2t0 24.4) 1.3
elbow cm 20.8 26.0 22.4 0.3 (21.9t0 23.0) 13
forearm cm 19.6 24.7 21.8 0.3 (21.3t0 22.4) 13
wrist cm 13.3 15.8 14.6 0.2 (14.3t0 14.9) 0.7

SE (standard error); CI (confidence interval)
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Table 3. Descriptive statistics for estimated areas in the upper limbs (n=20)

Variables range mean standard deviation

laterality site units minimum maximum value SE (95% ClI)

Left axilary cm? 61.5 104.3 81.9 2.8 (76.3t0 87.4) 124
subdeltoid cm? 385 68.3 53.3 1.7 (49.9 to 56.8) 7.8
midarm cm? 36.8 57.2 444 1.3 (41.810 46.9) 5.7
elbow cm? 334 48.2 39.5 0.9 (37.61t041.3) 4.2
forearm cm? 29.0 47.0 37.2 1.0 (35.3t039.1) 4.3
wrist cm? 141 194 16.4 0.3 (15.8t0 17.1) 1.5

Right axilary cm? 64.6 108.4 86.0 2.8 (80.5t0 91.6) 12.4
subdeltoid cm? 42.1 70.7 53.9 1.6 (50.8t0 57.1) 7.3
midarm cm? 36.1 55.9 452 1.1 (43.0t0 47.3) 5.0
elbow cm? 34.4 53.8 40.2 1.1 (38.2t0 42.3) 4.9
forearm cm? 30.6 48.5 38.0 1.0 (36.1t0 39.9) 4.6
wrist cm? 14.1 19.9 16.9 0.4 (16.2to0 17.6) 1.6

SE (standard error); CI (confidence interval)
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Table 4. Descriptive statistics for lengths in the upper limbs (n=20)

Variables range mean standard deviation

laterality site units minimum maximum value SE (95% ClI)

Left length 1 cm 9.3 13.6 11.2 0.3 (10.8t0 11.7) 11
length 2 cm 5.4 8.9 7.2 0.2 (6.8t0 7.6) 1.0
length 3 cm 6.6 10.2 8.0 0.2 (7.5t08.4) 1.0
length 4 cm 5.4 8.3 7.1 0.2 (6.7to 7.5) 0.9
length 5 cm 12.9 17.0 14.6 0.3 (14.1to0 15.1) 1.2

Right length 1 cm 8.1 13.6 11.3 0.3 (10.7 to 11.9) 1.4
length 2 cm 5.6 9.1 7.2 0.2 (6.8 t0 7.6) 0.9
length 3 cm 6.5 10.0 8.1 0.2 (7.7 t0 8.5) 0.9
length 4 cm 6.1 10.4 8.2 0.2 (7.7 t0 8.6) 1.0
length 5 cm 12.2 16.3 13.9 0.3 (13.4t0 14.4) 11

SE (standard error); CI (confidence interval)

36



Table 5. Descriptive statistics for estimated volumes in the upper limbs (n=20)

Variables range mean standard deviation
Laterality units minimum maximum value SE (95% CI)

Left L 1.67 2.78 2.09 0.06 (1.97t0 2.22) 0.29

Right L 1.80 2.73 2.17 0.06 (2.06 t0 2.29) 0.27

SE (standard error); CI (confidence interval)
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Table 6. Descriptive statistics for circumferences in the lower limbs (n=20)

variables range mean standard deviation
laterality site units minimum maximum value SE (95% CI)
Left proximal cm 49.5 68.4 57.2 11 (55.2 t0 59.4) 4.7
medial cm 43.7 58.6 50.1 0.8 (48.6 t0 51.6) 35
distal cm 34.2 40.5 36.8 0.4 (36.1 to 37.6) 1.9
Right proximal cm 50.5 70.0 57.6 11 (55.6 t0 59.9) 4.9
medial cm 45.2 58.2 50.6 0.8 (49.1t0 52.1) 3.6
distal cm 34.0 40.4 36.9 0.4 (36.1 to 37.7) 1.9

SE (standard error); ClI (confidence interval)
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Table 7. Descriptive statistics for estimated areas in the lower limbs (n=20)

variables range mean standard deviation
laterality site units minimum maximum value SE (95% CI)
Left proximal cm? 195.0 3723 262.2 9.8 (244.0to 282.7) 43.6
middle cm? 152.0 273.3 200.4 6.3 (188.2t0 212.8) 28.3
distal cm? 93.1 130.5 108.2 24 (103.6 to 112.8) 10.9
Right proximal cm? 202.9 389.9 266.0 10.3 (246.6 to 287.4) 45.9
middle cm? 162.6 269.5 204.4 6.6 (192.1t0 217.3) 29.5
distal cm? 92.0 129.9 108.9 25 (104.1t0 113.5) 114

SE (standard error); CI (confidence interval)
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Table 8. Descriptive statistics for lengths in the lower limbs (n=20)

variables range mean standard deviation
laterality site units minimum maximum value SE (95% CI)
Left length 1 cm 7.4 13.0 105 0.4 (9.6 t0 11.3) 1.9
length 2 cm 14.9 26.0 20.8 0.9 19.0 to 22.6) 4.1
Right length 1 cm 7.4 13.2 10.6 0.4 (9.8t011.4) 1.9
length 2 cm 125 26.4 20.8 0.9 (19.0 to 22.6) 4.2

SE (standard error); CI (confidence interval)
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Table 9. Descriptive statistics for estimated volumes in the lower limbs (n=20)

variables range mean standard deviation
laterality units minimum maximum value SE (95% CI)

Left L 3.11 8.96 5.60 0.33 (4.95 t0 6.26) 1.47

Right L 3.22 8.72 5.73 0.34 (5.03 to 6.40) 1.52

SE (standard error); Cl (confidence interval)
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Table 10. Descriptive statistics for hand morphology (n=20)

variables range mean standard deviation

laterality site units minimum maximum value SE (95% CI)

Left 1D cm 12.50 14.80 13.43 0.14 (13.17 t0 13.72) 0.61
2D cm 16.80 19.90 17.79 0.19 (17.44 10 18.20) 0.87
3D cm 17.10 20.40 18.32 0.20 (17.95 t0 18.73) 0.89
4D cm 16.30 19.20 17.28 0.18 (16.95 to 17.65) 0.79
5D cm 13.40 16.50 14.79 0.18 (14.44 10 15.15) 0.81
ratio 2D:4D cm 1.006 1.059 1.029 0.003 (1.024 t0 1.035) 0.012

Right 1D cm 12.40 14.80 13.35 0.13 (13.11t0 13.62) 0.58
2D cm 16.30 19.80 17.75 0.20 (17.37 t0 18.14) 0.89
3D cm 17.10 19.90 18.34 0.20 (17.95t0 18.74) 0.90
4D cm 16.10 18.70 17.28 0.18 (16.91 to 17.66) 0.82
5D cm 13.50 16.40 14.74 0.17 (14.40 to 15.10) 0.78
ratio 2D:4D cm 0.989 1.059 1.028 0.003 (1.021t0 1.034) 0.015

SE (standard error); CI (confidence interval)
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Table 11. Descriptive statistics for echocardiography parameters in female soccer athletes (n=20)

variables units range mean star)da_lrd
minimum maximum value SE (95% CI) deviation

Telediastolic diameter LV mm 45.0 54.0 49.6 0.6 (48.31t050.7) 2.8
Telesystolic diameter LV mm 27.0 34.0 31.9 0.4 (31.1t0 32.7) 1.9
SIvV mm 6.7 8.8 7.7 0.1 (7.51t0 8.0) 0.5
Thickness of posterior wall mm 6.70 8.20 7.21 0.07 (7.09t0 7.36) 0.32
Thickness of LV wall mm 0.300 0.300 0.292 0.004 (0.284 to0 0.299) 0.018
LV mass g 61.0 90.0 74.7 2.1 (70.6 to 78.5) 9.4
Fractional shortening % 67.0 80.0 73.1 0.9 (71.5t0 74.7) 4.1
Fractional ejection % 22.0 28.0 24.7 0.4 (24.0 to 25.6) 2.0
Root diameter of the aortic mm 27.0 37.0 32.6 0.7 (31.3t0 34.0) 3.2
LA diameter mm 10.0 17.0 14.0 0.5 (13.0t0 14.9) 2.1
LA area cm? 10.0 17.0 13.2 0.4 (12.5t0 13.9) 1.7
RA area cm? 93.0 158.0 121.1 45 (112.7 t0 129.3) 20.0
End-diastolic volume mL 57.0 122.0 84.1 4.3 (76.6 t0 91.9) 19.1
End-systolic volume mL 70.0 132.0 97.7 3.8 (90.8 to 104.9) 17.0
Mitral annulus velocity cms? 1.3 3.3 2.1 0.1 (1.9t0 2.3) 0.5
Maximum blood velocity cms?t 5.3 9.6 7.1 0.3 (6.6t07.7) 13
Gradient in aortic valve mm-Hg 1.00 1.80 1.21 0.05 (1.14 t0 1.30) 0.20
TAPSE mm 20.0 27.0 22.6 0.5 (21.6t0 23.5) 2.3

SE (standard error); CI (confidence interval); LV (left ventricle); LA (left atrium); RA (right atrium); TAPSE (tricuspid annular systolic excursion); SIV (thickness of

interventricular septum)
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Table 12. Descriptive statistics for measurements of body composition by bioelectric impedance analysis (n=20)

- " range mean SD
ariaples units

van minimum maximum value SE (95% CI)

Fat mass kg 10.6 26.6 16.0 0.9 (14.2 to 18.0) 4.2

% 215 36.7 27.4 1.0 (25.6 t0 29.4) 4.3

Fat free mass kg 36.7 47.6 42.9 0.8 (41.4 to 44.6) 3.7

% 63.3 78.5 72.6 1.0 (70.6 to 74.4) 4.3

Body cellular mass kg 18.1 235 20.9 0.4 (20.1t021.7) 1.7

% 30.8 39.3 35.6 0.5 (34.5 t0 36.5) 2.3

Muscle mass kg 22.1 28.9 25.7 0.5 (24.8t0 26.7) 2.2

% 38.1 48.3 43.8 0.6 (42.6 t0 44.9) 2.6

Total body water L 27.2 36.6 325 0.7 (31.2 t0 33.9) 3.0

% 49.3 59.4 55.2 0.6 (53.9 t0 56.4) 2.9

Extra celular water L 10.8 16.2 13.4 0.4 (12.7 to 14.1) 1.6

% 38.4 45.0 413 0.4 (40.5 to 42.1) 1.9

Intra celular water L 16.4 21.4 19.1 0.4 (18.4 0 19.8) 1.6

% 56.1 61.6 59.0 0.4 (58.3t0 59.7) 1.7

SE (standard error); SD (standard deviation); Cl (confidence interval)
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Table 13. Descriptive statistics for measurements of body composition assessed using the multifrequency bioimpedance analysis (n=19)

variables units range Mean Standard

minimum maximum value SE (95% CI) deviation
Skeletal muscle kg 20.9 28.5 25.2 0.6 (24.2 10 26.3) 2.6
Total body water L 28.4 37.1 33.2 0.7 (32.0t0 34.5) 3.1
Intracellular water 17.6 234 20.9 0.5 (20.1t0 21.7) 2.0
Extracellular water L 10.7 13.9 12.4 0.3 (11.9t012.9) 1.2
Proteins kg 7.6 10.1 9.0 0.2 (8.7t09.4) 0.8
Minerals kg 2.9 3.9 3.3 0.8 (3.2t03.5) 0.3
Fat mass kg 8.9 21.9 13.7 0.8 (12.0to 15.3) 3.7
% 17.9 33.8 22.8 1.0 (21.0t0 24.7) 4.2
Fat visceral area cm? 29.0 86.6 52.3 3.9 (44.7 t0 59.5) 17.1
fat mass: left upper limb kg 0.6 1.5 0.8 0.6 (0.7t0 0.97) 0.3
fat mass: right upper limb kg 0.5 1.4 0.8 0.6 (0.7 t0 0.94) 0.3
fat mass: trunk kg 3.8 11.3 6.6 0.5 (5.7 to 7.46) 2.0
fat mass: left lower limb kg 1.6 3.3 2.2 0.1 (2.0t0 2.4) 0.5
fat mass: right lower limb kg 1.6 3.4 2.2 0.1 (2.0t0 2.5) 0.5
Basic metabolic rate kcal 1211 1470 1354 21 (1313 to 1393) 91
Body cellular mass kg 25.2 335 29.9 0.6 (28.7t0 31.1) 2.8
Whole body phase angle 5.0 7.1 6.0 0.1 (5.81t06.3) 0.6

SE (standard error); CI (confidence interval); *only 19 cases were valid
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Table 14. Descriptive statistics for body composition assessed using air displacement plethysmography (n=20)

variables units ranee Mean standard
minimum maximum value SE (95% CI) deviation
Body mass kg 49.620 72.720 58.949 1.464 (56.181 to 61.533) 6.546
Thoracic gas volume L 2.530 3.590 3.049 0.614 (2.936 to 3.159) 0.274
Body volume L 46.160 71.370 56.146 1.514 (53.224 to 58.830) 6.771
Body density kgLt 1.020 1.080 1.051 0.003 (1.045 to 1.057) 0.143
Fat free mass kg 39.86 52.36 46.36 0.881 (44.61 to 47.96) 3.94
% 64.2 92.2 79.1 15 (76.3 t0 82.0) 6.7
Fat mass kg 3.85 26.04 12.59 1.128 (10.42 t0 14.77) 5.04
% 7.8 35.8 20.9 15 (18.0t0 23.7) 6.7

SE (standard deviation); CI (confidence interval)
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Table 15

. Descriptive statistics for body composition assessed using dual-energy x-ray absorptiometry (n=20)

variables units Mean Star)da}rd
minimum maximum value SE (95% CI) deviation
Lean soft tissue kg 34.8 47.2 40.5 1.0 (38.8 10 42.3) 4.0
BMC kg 1.9 3.0 2.6 0.1 (2.4102.7) 0.3
Bone area cm? 1915 2364 2101 29 (2048 to 2159) 131
BMD glcm? 0.915 1.364 1.216 0.217 (1.167 to 1.255) 0.970
Fat mass kg 9.13 26.61 15.77 0.86 (14.10 to 17.66) 3.85
% 19.9 36.7 26.6 0.92 (24.87 t0 28.52) 4.11
Fat free mass kg 34.82 47.20 40.51 0.90 (38.79 to 42.34) 4.01
% 59.9 76.0 69.1 0.86 (67.24 t0 70.67) 3.86

SE (standard error); ClI (confidence interval); BMC (bone mineral content); BMD (bone mineral density);
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Table 16. Descriptive statistics for lower limbs composition assessed using dual energy x-ray absorptiometry (n=20)

range Mean

variables units star)da}rd
minimum maximum value SE (95% CI) deviation
Lean soft tissue kg 11.36 17.86 14.45 0.42 (13.66 to 15.25) 1.89
BMC kg 0.34 1.14 0.92 0.04 (0.84 to 0.99) 0.18
Bone area cm? 441 831 713 19 (677 to 749) 86
BMD g.cm? 0.764 1.442 1.278 0.344 (1.206 to 1.335) 0.154
Fat mass kg 4.84 11.41 6.72 0.36 (6.09 to 7.53) 1.62
% 243 39.5 30.2 0.9 (28.7 t0 32.0) 3.9

SE (standard error); CI (confidence interval); BMC (bone mineral content); BMD (bone mineral density);
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Table 17. Descriptive statistics for thighs composition assessed using dual energy x-ray absorptiometry (n=20)

Variables Mean standard deviation
laterality units minimum maximum value SE (95% CI)
Right
Lean soft tissue kg 5.72 8.65 7.16 0.19 (6.79 to 7.56) 0.86
% 56.9 71.0 65.1 0.8 (63.4 t0 66.5) 3.6
BMC kg 0.41 0.57 0.48 0.012 (0.46 to 0.50) 0.05
Bone area cm? 317.0 420.0 364.0 6.5 (351.6 t0 377.4) 29.2
BMD gcm? 1.167 1.448 1.312 0.015 (1.282 to 1.340) 0.069
Fat mass kg 2.38 5.80 3.40 0.18 (3.08 t0 3.81) 0.82
% 24.4 39.8 30.5 0.9 (29.0t0 32.4) 3.9
Left
Lean soft tissue kg 5.64 8.54 7.05 0.20 (6.69 to 7.44) 0.88
% 56.9 71.0 65.26 0.79 (63.63 t0 66.71) 3.54
Bone mineral content kg 0.42 0.58 0.49 0.01 (0.47 t0 0.51) 0.05
Bone area cm? 310.0 411.0 364.5 6.4 (353.0t0 376.9) 28.4
Bone mineral density gcm? 1.164 1.435 1.332 0.015 (1.304 to 1.358) 0.067
Fat mass kg 2.42 5.61 3.30 0.18 (2.98t0 3.70) 0.80
% 24.3 39.3 30.2 0.9 (28.7 t0 32.0) 3.9

SE (standard error); CI (confidence interval); BMC (bone mineral content); BMD (bone mineral density);

49



Table 18. Descriptive statistics for the wingate anaerobic test variables (n=20)

range mean
variables units minimum maximum value SE (95% ClI) SD
1HZ
Absolute maximum mechanical power watt 474.0 770.0 618.3 17.6 (585.0 to 652.0) 78.9
Relative maximum mechanical power wattkg? 8.7 14.1 10.5 0.3 (10.0to 11.1) 1.3
wattkgrem? 11.0 15.7 13.4 0.3 (12.8 to 14.0) 1.4
wattkg?t-L? 41.4 110.4 57.3 3.3 (52.3 to 64.6) 15.0
Absolute average mechanical power watt 343.0 522.0 419.2 11.8 (396.5t0 443.2) 52.9
Relative average mechanical power watt-kg? 5.8 8.9 7.1 0.2 (6.8 t0 7.5) 0.8
wattkgrem? 6.8 10.1 9.1 0.2 (8.7t09.4) 0.9
wattkg?-L? 24.7 69.1 38.9 2.1 (8.7 10 9.4) 9.5
Fatigue Index % 15.7 40.3 31.9 1.5 (35.3t043.2) 6.5
50HZ
Absolute maximum mechanical power watt 481.0 785.0 635.9 18.9 (597.3 10 671.1) 84.7
Relative maximum mechanical power watt kg™ 8.7 14.6 10.8 0.3 (10.2t0 11.5) 1.5
Time at maximum mechanical power ms 1.04 3.75 2.44 0.14 (21710 2.72) 0.65
Absolute average mechanical power watt 358.0 550.0 4375 12.3 (415.1 to 462.1) 54.9
Relative average mechanical power wattkg? 6.1 9.2 7.5 0.2 (7.1t0 7.8) 0.8
Power drop watt 213.0 548.0 379.4 19.2 (345.6 to 415.5) 85.8
watt-kg? 4.3 10.9 6.5 0.4 (5.87 t0 7.28) 1.7
Maximum speed rpm 106 143 124 2 (120 to 129) 10
Power at maximum speed watt 481 828 620 21 (581 to 661) 94
Time at maximum speed ms 4.14 8.58 6.19 0.25 (5.69 to 6.67) 1.12
Decline in power watt 213.0 533.0 361.0 17.2 (330.3 t0 395.0) 76.9

SE (standard error); Cl (confidence interval); SD (standard deviation); watt'kgrem™* (FFM-ADP);
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Table 19. Descriptive statistics for aerobic fitness (n=19)

range Mean
variable units minimum maximum value SE (95% CI) standard deviation
VT1
O:2 uptake L'mint 1.516 2.190 1.858 0.049 (1.761 to 1.948) 0.214
mL kg™ min? 21.00 36.00 30.73 0.83 (28.98 10 32.19) 3.60
% VO2peak 56.10 81.90 68.52 1.38 (65.88 to 71.26) 6.01
Heart rate Bpm 122.0 176.0 153.1 2.7 (147.3t0 158.3) 11.8
Time S 90 240 134 10 (117 to 153) 43
Speed Kmh? 8.0 10.0 9.0 0.1 (8.3t08.8) 0.6
RER 0.65 0.94 0.84 0.02 (0.80t0 0.87) 0.08
RC
O: uptake L'mint 1.932 3.053 2.407 0.068 (2.281 t0 2.537) 0.296
mL kg™ mint 27.00 45.00 39.77 1.00 (37.6510 41.63) 4.37
% VO2peak 83.50 94.60 88.45 0.73 (87.10 to 89.85) 3.18
Heart rate Bpm 158.0 194.0 173.6 2.2 (169.3 t0 177.9) 9.6
Time S 240 390 322 10 (302 to 344) 46
Speed Kmh? 11.0 13.0 11.9 0.2 (11.5t0 12.2) 0.7
RER 0.87 1.08 0.98 0.01 (0.95 to 1.00) 0.06
VO2 max
O uptake L'mint 2.126 3.413 2.722 0.076 (2.583 10 2.873) 0.333
mL kg™ min't 33.00 51.00 45.08 1.07 (42.96 to 47.00) 4.67
Heart rate Bpm 172.0 203.0 184.8 2.02 (180.89 to 188.68) 8.78
Time S 360 600 480 16 (450 to 510) 69
Speed Kmht 12.0 17.0 14.5 0.3 (14.0to0 15.1) 13
RER 0.99 1.25 1.14 0.02 (1.1t0 1.2) 0.07
Final Stage
Blood lactate mmol-L*? 8.0 19.0 11.9 0.7 (10.7 t0 13.3) 2.9

SE (standard error); VT1 (ventilatory threshold 1); RER (respiratory exchange ratio); RC (respiratory compensation point); *one data invalid,;



Table 20. Descriptive statistics for dynamometer isokinetic for the knee flexors and extensors (n=20)

Variables

range mean standard deviation
knee movement Site units minimum maximum Value SE (95% CI)
Extension 60 °'s™ peak torque N'm 105.0 225.0 145.7 5.6 (134.8 to 156.6) 25.2
mean torque N'm 100.3 207.0 136.6 5.2 (126.2 to 146.8) 23.4
peak torque angle ° 47.0 70.0 61.4 1.3 (58.6 to 64.0) 6.0
Flexion 60 °'s™ peak torque N'm 56.8 113.9 84.8 2.9 (78.9t0 90.1) 12.8
mean torque N'm 47.1 111.3 79.8 3.0 (73.5t0 85.4) 13.5
peak torque angle ° 21.0 51.0 33.8 2.0 (29.91t0 37.7) 8.9
Ratio H/Q 0.49 0.66 0.59 0.01 (0.56 t0 0.61) 0.05
Extension 180 ®s1  peak torque N'm 68.9 117.0 97.4 29 (91.3t0 102.5) 12.9
mean torque N'm 50.6 106.8 87.2 3.4 (80.3t0 93.4) 15.2
peak torque angle ° 49.0 72.0 57.0 1.50 (54.2 t0 60.0) 6.7
Flexion 180 °'s peak torque N'm 48.0 94.0 66.6 2.5 (61.6t0 71.3) 11.2
mean torque N'm 44.2 77.9 60.4 2.0 (56.6 to 63.9) 8.8
peak torque angle ° 11.0 61.0 25.8 3.4 (19.6 t0 32.9) 15.0
Ratio H/Q 0.58 0.84 0.69 0.02 (0.65t00.73) 0.09

SE (standard error); CI (confidence interval)
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Table 21. Descriptive statistics for hand grip dynamometer (n=20)

variables range mean standard deviation
laterality units minimum maximum value SE (95% CI)

Left kgf 16.0 37.0 26.7 1.1 (27.8t0 32.8) 4.9

Right kgf 20.0 42.0 30.2 13 (24.5 t0 28.8) 5.7

SE (standard error); CI (confidence interval)
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Table 22. Descriptive statistics for task and ego orientation in sport questionnaire (TEOSQ) (n=20)

variables range mean standard
Minimum  maximum value SE (95% CI) deviation

I’m the only one who can do the play or skill 1.00 3.00 1.50 0.15 (1.20 t0 1.80) 0.69

I learn a new skill and it makes me want to practice more 3.00 5.00 4.30 0.16 (3.951t0 4.60) 0.73

I can do better than my friends 1.00 4.00 2.30 0.19 (1.90 to 2.70) 0.87

The others cannot do as well as me 1.00 4.00 1.70 0.21 (1.35t0 2.10) 0.92

I learn something that is fun to do 3.00 5.00 4.65 0.13 (4.40 to 4.90) 0.59

Others mess up but I do not 1.00 3.00 1.25 0.12 (1.05to0 1.50) 0.55

I learn a new skill by trying hard 3.00 5.00 4.20 0.14 (3.95 to 4.45) 0.62

I work really hard 3.00 4.00 3.65 0.11 (3.4510 3.85) 0.49

I score the most points/goals/hits, etc. 1.00 4.00 2.15 0.24 (1.70 to 2.65) 1.09

Something | learn makes me want to go practice more 3.00 5.00 4.45 0.15 (4.15 t0 4.75) 0.69

I am the best 1.00 4.00 1.70 0.23 (1.30 to 2.15) 1.03

A skill I learn really feels right 2.00 4.00 3.20 0.17 (2.90 to 3.55) 0.77

I do my very best 4.00 5.00 4.65 0.11 (4.45 to 4.85) 0.49

Ego orientation 1.00 4.00 1.77 0.16 (1.48 t0 2.09) 0.72

Task orientation 3.00 5.00 4.16 0.09 (3.991t0 4.34) 0.42

SE (standard error); CI (confidence interval)
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Table 23. Descriptive statistics for macronutrients obtained from the application of the food frequency questionnaire (FFQ) (n=20)

variables units il standard
minimum maximum Value SE (95% CI) deviation
Calories keal 1096 4947 2671 230 (2246 to 3127) 1030
Proteins % 13.0 28.0 21.0 0.8 (19.5 to 22.5) 35
Carbohydrates % 32.0 67.0 49.1 1.8 (45.8 t0 52.5) 8.1
Total fat % 15.0 40.0 31.7 1.3 (29.3 to 33.9) 5.6
Saturated fat % 4.0 12.0 8.7 0.5 (7.7t09.7) 2.3
Monounsaturated fat % 6.0 18.0 13.6 0.6 (12.3 t0 14.6) 2.6
Polyunsaturated fat % 3.0 7.0 5.1 0.3 (451t05.7) 1.4
Cholesterol mg 116.0 127.7 468.1 60.3 (361.5 to 581.4) 269.6
Fibers 13.0 79.0 35.70 4.1 (28.2 10 43.7) 18.2
Ethanol g 0 44 36 4 (310 13) 18
Calcium mg 441 2769 1131 137 (886 to 1376) 614

SE (standard error); CI (confidence interval)
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DISCUSSION

To obtain a multidimensional profile in this study, 20 athletes from the Allianz League, the
highest competition level of women soccer in Portugal, were evaluated through a multivariate
approach. The participants had more than two years of training experience, played in different
positions on the field and all of them showed the right dominant member. Six of them had been
selected for the young national teams, and one achieved the national team-A. All the

measurements were performed at the same day, during the middle season period.

In the present season (2016/2017), the Portuguese Football Federation (FPF) reported
1018 senior female soccer athletes federated. The study cannot represent all the female soccer
players in Portugal because it only represents 1.96% of the total senior players federated, but
this two teams can be now described across the body size, anthropometry, body composition,

food intake, metabolic pathways, muscle strength and goal orientations.

Body Size and Anthropometry

It was already reported that, the women soccer in Portugal has been increasingly recognized
and the numbers of athletes federated in the Portuguese Football Federation (FPF) significantly
increased in the last decade. However, there are a lot of teams that only have the senior team so
there is a high range at the chronological age and training experience on the participants of the
study. The results have shown that there are athletes of 17 years old playing with others that

have almost 38 years and the range of the training experience goes from 2.0 to 20.0 years.

The stature 163.0+6.5 cm and body mass 58.9+6.5 kg have similarities with other
studies from elite female soccer players in other countries, such as: Italy, Norway, Germany,
Spain, United States of America and Serbia. (Castagna & Castellini, 2013; Ingebrigtsen,
Dillern, & Shalfawi, 2011; Baumgart, Hoppe, M.W., & Freiwald, J., 2014; Haugen et al., 2014;
K. Idrizovic, 2014: Covi¢, Dzenan, & Radjo, 2016; Milanovi¢ et al., 2011).
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Soccer players tend to show a greater development in the lower limbs than in the upper
limbs (Reilly & Doran, 2003). So, the present study reports the volumes for the upper and lower
limbs, estimated from the anthropometric measurements. The subjects have reported higher
values in the dominant member. The volumes showed mean values of 2.09+£0.29 L on the left
upper limb and 2.17+0.27 L on the right upper limb. The estimated volume of the left thigh was
5.60£1.47 L and 5.73+1.52 L on the right thigh.

Echocardiography is a noninvasive method used in the study to describe the heart of the
female soccer player. Castanheira et al. (2014) and Gjerdalen et al. (2014) had already studied
the cardiac parameters in male athletes and non-athletes and they observed that athletes showed
important cardiac adaptations when compared with non-athletes, such as, higher values in the
telediastolic diameter of the left ventricle, thickness of interventricular septum, thickness of left
ventricle wall and diameter of the left atrium. In the present study, echocardiographic
parameters, for women, were then compared with reference parameters of the American Society
of Echocardiography and the European Association of Cardiovascular Imaging (Updated by
Lang et al., 2015). For the left ventricle parameters, the study reported telediastolic diameter
49.6x£2.8 mm (reference values: 37.8-52.2 mm), telesystolic diameter 31.9£1.9 mm (reference
values: 21.6-34.8 mm), thickness of interventricular septum 7.7+0.5 mm (reference values: 0.6-
0.9 cm), thickness of posterior wall 7.21+0.32 mm, thickness of the left ventricle wall
0.292+0.018 mm and mass 74.7+£9.4 g (reference values: 66-150 g). From this exam was also
observed that the mean value for fractional shortening was 73.1+4.1% and fractional ejection
24.7£2.0%, root diameter of the aortic 32.6£3.2 mm, left atrium diameter 14.0£2.1 mm, left
atrium area 13.2+1.7 cm?, right atrium area 121.1+20.0 cm?, end-diastolic volume 84.1+19.1
mL (reference values: 46-106 mL), end-systolic volume 91.7+17.0 mL, mitral annulus velocity
2.1+0.5 cm's™, maximum blood velocity in aorta 7.1+1.3 m's1, and tricuspid annular systolic
excursion (TAPSE, 22.6+2.3 mm). Our results showed similar values when compared with the
reference parameters of the American Society of Echocardiography and the European
Association of Cardiovascular Imaging and from previous researches, it could be expected that
the female athletes have differences in the cardiac parameters when compared with non-

athletes, although this was not studied.
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Jurimae et al. (2008) evaluate hand morphology in young swimmers (26 boys: 13.0+1.8
years; 29 girls 12.7+2.2 years) and concluded that 4D and 5D were higher in boys and the
finger-length ratios were higher in girls. The girls reported a significant correlation of the
estradiol and ghrelin concentrations with 2D:4D ratio. However, in female soccer players it was
not reported in previous research, the hand morphology or digit ratio (2D:4D). In the study
sample, it was measure right hand five finger lengths 1D (13.43+0.61 cm), 2D (17.79£0.87 cm),
3D (18.32+£0.89 cm), 4D (17.28+0.79 cm), 5D (14.79+0.81 cm) and the left hand finger lengths
1D (13.35+0.58 c¢cm), 2D (17.75+£0.89 cm), 3D (18.34+0.90 cm), 4D (17.28+0.82 cm), 5D
(14.74£0.78 cm). After it was calculated the ratio (2D:4D) 1.029+0.012 for the right hand and
1.028+0.015 for the left. This ratios values showed similar results with Manning, Churchill, and
Peters (2007) that reported a ratio of 0.994+0.051 to the right hand and 0.993+0.049 in the left
hand (n=172.298) and Jurimae et al. (2008) that studied young female swimmers (n=29, aged
10-17 years) and reported 1.040+£0.024 for the right hand. The finger-lengths showed
differences between the present study and Jurimae et al. (2008) but, the values cannot be

compared because in the study with female swimmers age averaged 12.7 years old.

Body Composition and Food Intake

Air displacement plethysmography (ADP), dual energy x-ray absorptiometry (DXA) and
bioelectrical impedance (BIA), reported an amount of variables to describe female soccer body
composition. For the whole body, all of this methods report fat mass and fat free mass. FM-
ADP was 12.59+5.04 kg, FM-BIA 16.0+4.2 kg and FM-DXA 15.77+3.85 kg. FFM-ADP
averaged 46.36+3.94 kg, FFM-BIA 42.9+3.7 kg and FFM-DXA 40.51+4.01 kg. From this
results can be seen that the three methods showed different mean values for the same variables,
but in literature the dual energy x-ray absorptiometry (DXA) is the most precise and reported
method to assess the body composition (Duren et al., 2008; Miller et al., 2009; Ferry et al.,
2011). ADP also shows the predicted thoracic gas volume 3.049+0.274 L, body volume
56.146+6.771 L and body density mean value 1.051+0.143 kg'L ™. Bioimpedance showed body
cellular mass (BCM) (20.9+1.7 kg), muscle mass (MM) (25.7+2.2 kg), total body water
(32.5£3.0 L), basic metabolic rate (1354+91kcal) and shows also the intracellular and

extracellular body mass, fat mass in the upper limbs, trunk and lower limbs. The highest value
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for fat mass is located in the trunk (6.6+2.0 kg). Covié¢ et al. (2016) studied the body
composition in fourteen female soccer players (n=14, 22.7+4.4 years) and observed the fat mass
percentage (19.1+3%), muscle mass percentage (41.1+2.7%) and basic metabolic rate
(1651+112.1kcal), which showed similarity with the present study. High values of muscle mass
support the athlete to a better aerobic performance and the fat mass should be lower (Covié et
al., 2016).

The study used dual energy x-ray absorptiometry (DXA) to describe the bone
parameters, such as the bone mineral content (BMC), lean soft tissue (LST), area and mineral
density (BMD). In the whole body, the sample showed a lean soft tissue of 40.5+4.0 kg, BMC
2.6+0.3 kg, bone area 2101+131 cm? and BMD 1.216+0.970 g/cm2. Soccer players exhibit
improvements in the bone mineral content and density and, specifically at the hip structure
parameters (Ferry et al., 2011). The present study showed the lower limbs lean soft tissue
(14.45+1.89 kg), bone mineral content (0.92+0.18 kg), bone area (713+86 cm?), bone mineral
density (1.278+0.154 g/cm?) and fat mass (6.72+1.62 kg). Right and left thighs were
specifically assessed and shown similar results. The lean soft tissue of the right thigh (7.16+0.86
kg) was higher than the left thigh (7.05+0.88 kg), bone mineral content was similar in both
thighs (0.48+0.05 kg in the right and 0.49+0.05 kg in the left), bone area showed also similar
results (364.0+29.2 cm?in the right thigh and 364.5+28.4 cm? in the left), bone mineral density
was higher in the non-dominant member than in the dominant (1.312+0.069 g/cm?2 to the right
thigh and 1.332+0.067 g/cm? to the left thigh) and fat mass showed high mean value in the right
(3.40%0.82 kg) than in the left (3.30£0.80 kg).

A study based on ninety female athletes in the United States has shown that the energy available
[(energy intake-exercise expenditure)/kg lean body mass] in the participants decreased, on
average, nineteen percent (19%) from the pre-season period until the middle of the season and
increased thirty-five percent (35%) from the middle season until it ends. This low energy
capacity values in women, are often related with the menstrual cycle variations of the athletes
and its low bone mineral density, two of the components of the female athlete triad. (Reed et
al. 2013). Other component of the triad are the eating disorders, female athletes need to ingest
appropriate amounts of iron and calcium to ensure a normal menstrual function and healthy

bones and needs to refuel carbohydrates frequently (Kirkendall, 2011). This explains why the
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dual energy x-ray absorptiometry (DXA) and the food frequency questionnaire (FFQ) were

chosen to be part of the methods used in the study.

The food frequency questionnaire showed some weaknesses to describe the female
athlete food intake. This method was semi-quantitative, validated by Lopes et al. (2000) by the
Department of Hygiene and Epidemiology, Faculty of Medicine, University of Oporto for the
Portuguese for general population, so it was not specific to athletes and doesn’t consider
participants with another diets like the vegans or vegetarians (our sample had one vegan). The
results for the female athletes in the study reported a large range in each nutrient. The calories
(kcal) per day ranged from 1096 to 4947 Kkcal, proteins percentage (% PTN) from 13.0% to
28.0%, carbohydrates percentage (% CH) from 32.0% to 67.0%, total body fat (% TBF) from
15.0% to 40.0%, saturated fat (%SF) from 4.0% to 12.0%, monounsaturated fat (% F/Mon)
from 6.0% to 18.0%, polyunsaturated (% F/Pol) from 3.0% to 7.0%, cholesterol (Chol, mg)
from 116.0 to 127.7 mg, fibers (FIB, g) from 13.0 to 79.0 g, ethanol (EtOH, g) from 0 to 44 g
and calcium (Ca, mg) from 441 to 2769 mg. This results shows that there is a high variability
of food intake between subjects, so it is not possible to obtain a general profile of food intake

for the female soccer athlete, only for each individual.

Metabolic Pathways

Soccer players need high-level capacity to perform aerobically and anaerobically, and to
recover from high-intensity episodes during the game. This capacity depends on the playing
level and training process of each individual and team (Mara, Thompson, Pumpa, & Ball, 2015;
Bangsbo et al., 2006). The player heart rate is rarely stable during a match and most of the time
is above 65% of the maximum heart rate (HRmax). This suggest that the blood flow to the
muscles is continuously higher than at rest, which means that oxygen delivery is also higher
(Bangsbo et al., 2006; Kirkendall, 2011).

The study assessed the anaerobic power through the wingate anaerobic test (WANT).
Data acquisition of 50 Hz reported the absolute maximum mechanical power (635.9+84.7 watt),

relative maximum mechanical power (10.8+1.5 watt'kg™), time at maximum mechanical power
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(2.44+0.65 ms), absolute average mechanical power (437.5+54.9 watt), relative average
mechanical power (7.5+0.8 watt-kg™t), power drop (379.4+85.8 watt), maximum speed (124+10
rpm) and decline in power (361.0£76.9 watt). This values, when we compare with the ones that
Fallon et al. (2015) observed in a wingate test under normoxic conditions with nine collegiate
athletes, showed a higher peak power (533+90 watt), but a lower average power (46570 watt)
and a higher fatigue index (27+9%).

Previous studies in female soccer players assessed the maximal oxygen uptake
(VO2max) estimated by the intermittent YO-YO recovery test or by a treadmill test (Mujika,
Santisteban, Impellizzeri, & Castagna, 2009; Esco, Flatt, & Nakamura, 2015; Haugen et al.
2014; Baumgart et al., 2014; Datson et al. 2014). This capacity shows how much oxygen the
body has the ability to consume during exercise (Reilly & Doran, 2003). In these studies,
VO,max range from approximately 45 to 60 mL-kg'min (Reed et al., 2013; Esco et al. 2015;
Datson et al. 2014). In the present study the aerobic fitness was assess by a treadmill test divided
in three main points: ventilatory threshold, compensation respiratory point and VO2 max. The
protocol started at 7 kmh™t and the first ventilatory threshold occurred 134+43 s after the
beginning of the test, at 9.0+0.6 Kmh* with 30.73+3.60 ml'kg*min® O, uptake and a
respiratory exchange ratio (RER) of 0.84+0.08. Compensation respiratory point occurred
322+46 s after the test started, at 11.9+0.7 Km-h, with an Oz uptake mean value of 39.77+4.37
mlkgmintand a respiratory exchange ratio (RER) of 0.98+0.06. At the VO,max the oxygen
uptake was 45.08+4.67 ml'kgtmin?, at 14.5+1.3 Kmh, 480+69 s after the beginning of the
test with a respiratory exchange ratio (RER) of 1.14+0.07 and a heart rate 184.8+8.78 bpm. One
minute after the end of the test the blood lactate concentration averaged 11.9+2.9 mmol-L™.
Krustrup, Zebis, Jensen and Mohr (2010) assessed the game-induced fatigue patterns in elite
female soccer players in the Danish League and reported that after the second half of a match
the mean value for the blood lactate concentration (2.7+0.4 mmol-L"1) was smaller than at the
end of the first half (5.1+0.5 mmol-L 1), however, this values were related with the intensity of
each athlete in the previous minutes before the measures. After this results we can conclude

that the VO2max in the study has a similar value to the other reported studies.

Haugen et al. (2014), published a longitudinal study of the VO2max characteristics of
elite female soccer players from Norway (n=199, 22+4 years, 636 kg, 169+ 6 cm). The
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researchers observed that the national team players had a higher VO2max than players from 1st
and 2nd division and that midfielders tend to have high values for this variable than forwards
and defenders. In the study sample, the VO,max ranged from 33.00 to 51.00 mlI'*kgtmin’, so it
can be expected that this differences could exist because the athletes play in different positions
on the field.

Muscle Strength

All participants performed a concentric isokinetic evaluation of the knee flexors and extensors
in concentric mode. At 60 °s™* the study reported the peak torque 145.7+25.2 N'm for extension
and 84.8+12.8 N'm for flexion. At 180 °s™ the peak torque was 97.4+12.9 N'm for extension
and 66.6+£11.2 N'm. In the literature there are already studies that assessed the muscle strength
through the isokinetic dynamometer, and the values had differences, that could come from the
different training and level of each individual or team. This studies reported a peak torque to
the extensors at 60 °s* of 198.5+44.1 N'm and 116.5+18.8 N'm for the flexors (Silva et al.,
1999), 102.0+13.9 N'm for flexors and 181.4+24.6 N'm for extensors (Neto, Simdes, Neto, &
Cardone 2010) and 101.0+18.7 N'm for flexors and 135.0+36.3 N'm for extensors (Manson,
Brughelli, & Harris, 2014) at the same angular velocity. The conventional H/Q ratio has been
the most reported in literature. For this ratio, the value 0.60 is the general accepted (Coombs &
Garbutt, 2002). Previous studies have been reported this ratio in female soccer players at 60 °'s”
! with values of 0.78+0.17 (Manson et al., 2014), 0.561+0.052 (Neto et al., 2010). The present
study observed a ratio of 0.59+0.05 at 60 °:s and 0.69+0.09 at 180 °s™%. This calculation have
some limitations because the two groups of muscles won’t be at the same time in a concentric
mode, but is was obtained for the study because only was carried evaluations in the concentric

mode.

Hand grip dynamometer was used to assess strength in the upper limb muscles.
Visnapuu and Jurimae (2007), study the relation between the hand dimensions and the hand
grip strength in sports with higher solicitation of the upper limbs (basketball and handball).
They observed that the general anthropometric measures and the hand morphology are related
with the hand grip strength. It was observed that there is a large range between subjects. In the

left upper limb, the strength ranged from 16.0 to 37.0 kg'f and in the right upper limb ranged
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from 20.0 to 42.0 kgf. The participants had higher strength values in the dominant upper limb,
which was the right one (30.2+5.7 kgf on the right hand and 26.7£4.9 kg in the left hand).

Goal Orientation

The study observes that the sample is more task-involved (4.16+0.42) than ego-involved
(1.77%£0.72). This means that the subjects enjoy the task in order to achieve the goals of the
activity. Previous researches compare the female and male sport behavior, finding that there are
differences and the male players reported less empathy and more antisocial acts than females
(Kavussanu, Stamp, Slade, & Ring, 2009). Eubank and Gilbourne (2003) conclude there is more
probability of being success in a task when the subjects think that they have a high ability to
achieve the goals of the activity.

Practical Applications

This study gives a final report (Attachment 1) for each athlete with all of their individual results
in each evaluated parameter for the most important variables. The coaches, trainers and
clinicians that work directly with this participants will have a multidimensional profile of the
body size and composition (assessed with more than one method), which are their capacities in

the metabolic pathways and muscle strength, their goal orientation and individual food intake.

Each profile will be a tool for this professionals in the planning of the training sessions,
in the definition of the goals for each team and individual, what needs to be improved and in

the injury prevention process.
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CONCLUSIONS

The present study provided a multidimensional profile of the female soccer players that had
been assessed in the study, to those who work directly with them. Each individual report can
be now a useful tool to plan the training and to delineate goals to achieve during a season, and

the methods can be replied to ensure that these objectives are being met.

The studied sample showed a large range in an amount of variables. This ranges should
be lower when the team is doing the same training units with the same exercises. Some athletes
need to decrease the body fat mass and increase the muscle mass. The mean values for
metabolic pathways and muscle strength showed similarities with previous studies, however
they still reported a large range and another methods to assess the food intake in athletes need
to be applied. Echocardiography, body composition and isokinetic dynamometer can help the

clinicians to prevent some health problems and injuries in the players.

Future research should be done with a larger sample and approach to training and game
conditions. Could be also important to compare the different competitive levels, positions on
the field, compare players that achieve the national teams to others and repeat the measures in

more than one moment during a season.

Soccer is a game that is won by the ones that give attention to the details. If the coaches,
trainers and clinicians that work with the female soccer players look at the multidimensional
profiles of the athletes they will have the keys to optimize the capacities of their teams and to

achieve great levels of performance.
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Name: Body Mass (kg):
Chronological Age (years): Position: Stature (cm):
Sitting Height (cm): Leg Length:
Measurements day: Dominant Member:
Circumferences in the upper limbs (cm) Lengths in the upper limbs (cm)
right left right Left
Axillary Length 1
Subdeltoid Length 2
Midarm Length 3
Elbow Length 4
Forearm Length 5
Wrist
Circumferences in the lower limbs (cm) W the lower limbs (cm)
right left right left
Proximal Length 1
Medial Length 2
Distal
Bioelectric impedance analysis ﬂment plethysmography
units value units value
Fat mass kg Body mass kg
Fat free mass kg Body volume L
Muscle mass kg Body density kg L
TBW L Fat mass kg
TBW (total body water) Fat free mass kg

Multifrequency bioimpedance analysis DXA (whole body)
Skeletal muscle kg -
TBW 3 Lean soft tissue kg
Fat visceral area cm? BMC k92
Fat mass: left UL kg Bone area cm
Fat mass: right UL kg BMD g/ cm?
Fat mass: trunk kg Fat mass kg
i Fatfieemass | g
BMVR =19 K cgl DXA (dual-energy x-ray absorptiometry); BMC
TBW (total body water); UL (upper limb); LL ((12?12‘5 n)uneral content); BMD (bone mineral
(lower limb); BMR (basic metabolic rate) Y




c - Faculty of Sports Science and Physical Education e University of

Coimbra
DXA (thighs) Hand morphology
units right | left units right left
Lean soft tissue kg 1D cm
BMC kg 2D cm
Bone area cm? 3D cm
BMD g/ cm? 4D cm
Fat mass kg 5D cm
DXA (dual-energy x-ray absorptiometry); BMC Ratio 2D:4D
(bone mineral content); BMD (bone mineral
density)
Echocardiography ISOK
units value units | value
Telediastolic diameter LV mm PT extension 60 °s™* N'm*
Telediastolic diameter LV mm PT flexion 60 °s™ N'm*
SIV mm Ratio H/Q (60 °s%)
Thickness of posterior wall mm PT extension 180 °s* N-m*
Thickness of LV wall mm PT flexion 180 °s™* N'm*
LV mass g Ratio H/Q (180 o'S'l)
Fractional shortening % PT (peak torque); H (hamstrings); Q(quadriceps)
Fractional ejection %
Root diameter of aortic mm
End-diastolic volume mL
End-systolic volume mL
Mitral annulus velocity cms?t
Maximum blood velocity cms?t
Gradient in aortic valve mm-Hg Handgrip dynamometer
TAPSE mm — units
LV (left ventricle); SIV (thickness of right kg f
interventricular septum); TAPSE (tricuspid annular left kg f
systolic excursion)




C °

Faculty of Sports Science and Physical Education e University of

Coimbra

erobic Fitness

E—

Wingate test
units

units | value value
VTl Absolute maximum watt
O, uptake L'min? mechanical power
O; uptake mL kg*'min! Relative maximum wattkg
Heart rate bpm mechanical power
Speed Kmh? Time at maximum ms
RER mechanical power
RC Absolute average watt
0, uptake L-min? mechanical power
O, uptake mL kgt min Relative_ average wattkg™?
Heart rate bpm mechanical power
Speed Kmht Power drop watt
RER Power drop wattkg™
VO,max Maximum speed rpm
0, uptake L'min=t Power at maximum watt
Oz uptake mL kg min™ speed _
Heart rate bpm Time at maximum ms
Speed Kmh't speed
RER Decline in power watt
Final Stage
Blood lactate | mmolL? | ==
VT1 (venti-latory_threshold 1); RC (respiratory — units value
compensatlon point); RER (respiratory exchange Calories keal
ratio) Proteins %
Carbohydrates %
Total body fat %
TEOSQ Saturated fat %
value Monounsaturated fat %
. . Polyunsaturated fat %
Ego orientation Cholesterol mg
Task orientation Fibers g
TEOSQ (task and ego orientation in sport Ethanol g
questionnaire) Calcium mg




