Investigations for the Development of a Physiological Profile
in Women's Soccer
(Untersuchungen zur Entwicklung eines physiologischen

Anforderungsprofils im Frauenful3ball)

Von der Sportwissenschaftlichen Fakultat
der Universitat Leipzig

genehmigte

DISSERTATION

zur Erlangung des akademischen Grades

Doctor philosophiae
(Dr. phil.)

vorgelegt

von

Vanessa Martinez Lagunas, M.A.

geboren am 20 Madrz 1982 in Toluca, Mexiko

Gutachter:
Herr Prof. Dr. Ulrich Hartmann

Frau Prof. Dr. Petra Platen

Leipzig, den 12. Juli 2018



“Because the people who are crazy enough to think they can change the world
are the ones who do. ”
(Steve Jobs, 1955-2011)



DEDICATION

“This dissertation is dedicated to all present, past and future female soccer players, coaches,
physical trainers, sport scientists and administrators involved in the women’s game, who

continue to work hard on and off the field for its further and sustained development.”



ACKNOWLEDGMENTS

I wish to express my sincere gratitude to several people and institutions for their valuable

encouragement and support to complete this work:

First, I would like to thank Prof. Dr. Ulrich Hartmann, my PhD supervisor, for giving me the
opportunity to work on this research; for his wise guidance and expertise throughout a long
research journey; and for supporting me to combine my PhD studies with my playing and

coaching careers in women’S SOCCer.

Special thanks are extended to all the participating players of the 1. FC Lokomotive Leipzig,
who through their relentless effort, commitment and discipline, made the realization of this
thesis possible. | also valued the great cooperation of the coaching staff and club

administration.

I am very grateful to the following people for assisting me in multiple occasions during the
laborious data collection phase of this work: Dr. Margot Niessen, Dr. Mario Hermsdorf,
Karla Edelmann, Janina Gotz, José Portela, Elisabeth Hohmann, Jacob Dietrich, Martin
Rieprecht, Samantha Giese, Fritz Fischer, Christin Richter, Carlos Martinez, Leandro Ghelfi,
Christoph Lippold, Miguel Angel Velazquez Canta, Christoph Franke, Marianne Wenzel,
Jessica Wildner, and Thomas Thimm. The valuable assistance of Dr. Margot Niessen and Dr.

Joannie Halas in the proofreading of the present thesis was also greatly appreciated.

I am appreciative of Prof. Dr. Martin Busse’s support for allowing me to use his laboratory
facilities to conduct the required maximal treadmill running tests. Likewise, | am deeply
thankful to Prof. Dr. Petra Wagner, Prof. Dr. Kerstin Witte, Dr. Ulrich Kau and the company
CORTEX Biophysik for providing me with the additional portable metabolic systems
(Metamax 3B, CORTEX Biophysik) for the required data collection.



| also would like to express my warmest gratitude to my Alma Mater, the University of
Leipzig (Institute of Movement and Training Science Il, Faculty of Sports Science), for
providing me with an excellent work/learning environment and for making available to me
outstanding resources, equipment and facilities to conduct my PhD investigations. | am very

proud to have had the opportunity to study at this exceptional institution.

My sincere gratitude is directed as well to the Mexican National Council of Science and
Technology (CONACYT) and the German Academic Exchange Service (DAAD) for
awarding me a scholarship to finance my PhD studies at the University of Leipzig; without

this financial support | would have not had the chance to start and complete this degree.

Last but not least, | am very thankful to my parents Miguel Angel Martinez Contreras and
Antonia Lagunas Ruiz, my siblings Miguel Angel, Kristel and Araham Martinez Lagunas,
and my partner Miguel Angel Velazquez Cantd for their unconditional love, encouragement,
and moral support in good and difficult times. | also thank God for giving me health,

strength, and patience to complete this work.



BIBLIOGRAPHICAL INFORMATION

Martinez Lagunas, Vanessa
Investigations for the Development of a Physiological Profile in Women's Soccer

(Untersuchungen zur Entwicklung eines physiologischen Anforderungsprofils im
FrauenfuRball)

Sportwissenschaftliche Fakultat der Universitat Leipzig

Institut flr Bewegungs- und Trainingswissenschaft der Sportarten 11

Cumulative Dissertation:

Exposé - 35 pages, 5 tables, 12 figures, 54 references.

Vi



ABSTRACT

The present PhD thesis is compilation of various investigations for the development of a
physiological profile in women’s soccer. After an extensive literature review, several
literature gaps in this area were identified including: physiological demands of a women’s
soccer match including simultaneous measurements with portable metabolic equipment and
GPS technology; physical performance analysis of women’s soccer competitive matches of
different competition levels using GPS technology; and fitness testing and fitness profiles of
female soccer players of different competitive levels by means of laboratory and field tests.
The investigations that are part of this thesis targeted these gaps and provided for the first
time novel and objective findings in these subjects. The popularity of women’s soccer as well
as the number of female soccer players worldwide has increased exponentially in the last 30
years. Furthermore, there are now multiple women’s soccer international competitions and
professional leagues around the globe and they will continue to increase in the next few
years. Therefore, there is currently high demand for scientific research specific to the
women’s game in these topics which may aid coaches, physical trainers, and other
practitioners to develop more effective fitness assessments and training programs for their
female players in order to improve their fitness status and overall match performance

according to their competitive level and positional role.

KEYWORDS: women’s football, female footballers, physical and physiological match
demands, fitness testing, fitness profiles, portable metabolic equipment, GPS technology,

heart rate, and blood lactate
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1 INTRODUCTION

1.1. WOMEN’S SOCCER BACKGROUND

Soccer (also referred as football throughout the text) was traditionally considered to be a male
sport and in its early years there was little encouragement and even opposition for women to
participate in this sport.> For instance, even though Britain pioneered the first wave of
football’s popularity among women during World War | when female games were organized
to raise money for charity, the English Football Association decided to ban women from
playing soccer in 1921 stating that it was “quite unsuitable for females and should not be
encouraged” and this ban was not lifted until 1971.3

Similarly in Germany, the German Football Association (DFB) had a very hostile
attitude towards women’s football. It did not allow women to play football officially until
1970.> Nowadays, Germany is one of the world’s power houses of women’s football
(currently ranked #1 in the world)* and leads all European countries in total number of
registered female players with over 200,000 participants.’

Women’s soccer has become one of the most popular female sports in the world.
There are over 30 million female soccer players worldwide and women play soccer in at least
177 different countries.® Through the launching of the FIFA Live Your Goals campaign,
FIFA is looking to increase the number of girls and women playing football to 45 million by
2019.

Moreover, the number of international competitions, professional, high-performance
and recreational leagues for female players of various age groups and skill levels has
increased considerably in the last five decades. For instance, the first unofficial Women’s
Soccer World Championships took place in Italy in 1970 and in Mexico in 1971.
Nevertheless, it took twenty more years until the first ever official FIFA Women’s World
Cup was organized in China in 1991. Since then, this competition takes place every four
years. The most recent edition of this tournament (FIFA Women’s World Cup Canada
2015™) was a huge success and broke several records showing the growing popularity of
women’s soccer worldwide. It generated nearly half a billion dollars in economic impact,
drew a total of 1.53 million spectators and over 750 million TV viewers around the world,

and is now the second most popular FIFA event after the Men’s World Cup.8



More recently, FIFA has also created youth international competitions that take place
every two years: the FIFA U17 and U20 Women’s World Cups. They were organized for the
first time in 2008 and 2006, respectively. Women’s soccer became an official Olympic sport
in the Summer Olympics of Atlanta 1996. Additionally, the Girls’ Olympic Youth Football
Tournament was introduced in 2010 for U15 players. Both the senior and youth Olympic
competitions take place every four years. Finally, several countries, such as USA, Germany,
France, Sweden, England, and Japan, have already established commercially sustainable and
highly-competitive women’s soccer professional leagues. More (professional) national and
regional women’s soccer competitions Will be established in more countries around the world
in the next few years as part of the FIFA women’s football development objectivesg and the
ten key development principles for women’s football.™

The rapid increase in the number of international, national and regional women’s
soccer competitions has given a large number of female footballers the opportunity to train
and compete in professional environments, which at the same time has raised the
performance expectations placed upon players and coaches increasing the need for specific
scientific research that could help improve individual and team performance.

Despite the increased popularity and professionalization of women’s football around
the world, there is still limited scientific research specific to female players compared to their
male counterparts, especially in the areas of players’ physical and physiological
characteristics and game demands. Both of these areas are important elements of the
ergonomics model for the analysis of football and impact player selection and the training
process.'* For instance, in the case of men’s football, there are numerous full-text peer-
reviewed studies that have been published on these topics including players of several
nationalities, competitive levels, age groups, and playing positions. The main findings of
these studies have been discussed and summarized in various comprehensive literature
reviews specific to men’s football.'"*? Nevertheless, review articles summarizing the main
findings of published studies specific to the physical and physiological characteristics of
female footballers and the demands of the women’s game are still only a few.?*** Published
information on elite adult female players has increased considerably in recent years.
However, published reports on female players of lower competitive levels and younger age

groups are still limited.



1.2. PHYSICAL AND PHYSIOLOGICAL CHARACTERISTICS OF FEMALE
SOCCER PLAYERS

In the last 30 years, several investigations specific to female soccer players of various
nationalities, competitive levels, and positional roles have reported on their age,
anthropometry, physical and physiological characteristics. The main findings of these reports
can be found in the comprehensive summary tables (1 and 2) presented in Martinez-Lagunas

et al.?

Table 1 in Martinez-Lagunas et al.?*
body height (155-174 cm), body mass (48-72 kg), and percent body fat (13-29%) that have

been reported in the literature for female soccer players of various nationalities, competitive

shows the mean values of age (12-27 years),

levels, and positional roles. More recent studies report the following average values for senior
female national team players and those competing in the highest domestic leagues:
20-27 years for age, 161-170 cm for body height, 57-65 kg for body mass, and 14.6-20.1%
for body fat percentage.”®*?* Some authors have found age and anthropometric
predispositions for some positional roles in women’s football. For instance, goalkeepers are
usually the oldest, tallest and heaviest players compared to all other playing positions; and the
central defenders the tallest and heaviest from the outfield playing positions followed by the
forwards, central midfielders, full backs, and wide midfielders.”®

Table 2 in Martinez-Lagunas et al.?* summarizes the mean values that have been
reported in the literature in terms of physical and physiological attributes of female football
players of various groups. From this table it can be observed that on average, their maximal
oxygen uptake values (VOzmax) range from 45.1-55.5 mL/kg/min, their performance in the
Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) from 780-1379 m, their maximum heart
rate values (HRpyax) from 189-202 bpm, their 30 m sprint times from 4.34-4.96 s, and their
counter-movement jump or vertical jump (CMJ/VJ) from 28-50 cm. Most of these values
vary according to the player’s competitive level and positional role. The types of
measurement methods used may also contribute to the variability of the reported values.
Particularly, the measurement of players’ VO,nmax Values via direct (laboratory protocol) or
indirect (estimation based on total distance achieved on a field test) should be
evaluated/compared with caution because the predictive power of indirect measures has
recently been questioned.?”?® The evaluation of players’ physical performance characteristics

is useful to identify individual physical strengths and weaknesses, to assess the effectiveness



of a specific training program, to determine and compare individual and team fitness

standards, and for overall players’ talent identification and development purposes.*”%°

1.3. PHYSICAL AND PHYSIOLOGICAL DEMANDS OF WOMEN’S SOCCER

The literature on the physical and physiological demands of women’s soccer is by far more
limited than the published reports on the physical and physiological characteristics of female
soccer players. The earliest reports in this area date back to the early 1990°s.”%*
Nevertheless, more recent investigations are now available and their main findings are

summarized by Martinez-Lagunas et al.?*

in tables 3 and 4. The mean values reported in these
studies for total distance covered during women’s soccer match-play range from 4-13 km
and the distance covered at high speeds from 0.2-1.7 km (table 3)?*. In the case of average
and peak HR, the reported mean values have ranged from 147—-172 bpm (74%—87% HRmax)
and 182-194 bpm (94%—99% HRmay), respectively (table 4)*. Reported average and peak
VO, values during women’s soccer match-play are very limited and range from
28.3-37.6 mL/kg/min (52-77% VOymax) and 47.4-53.0 ml/kg/min (96-98% VOzmax),
respectively (table 4)**. Average reported blood lactate (La) values vary from
2.2-7.3 mmol/L (table 4).** The variability of all these values depends on the players’
competitive level and positional role as well as methodological differences (direct vs. indirect
assessments), and movement impairment caused by the measurement equipment. Moreover,
it is common to identify significant reductions in the player’s physical and physiological
performance between and within each 45-min half of a soccer game due to the development
of players’ temporary fatigue during and towards the end of each half and the full game.** To
date, only one study has included simultaneous HR, VO,, La, and GPS (Global Positioning
System) measurements during a full 90-min competitive women’s soccer friendly match
(11 vs. 11).* Therefore, further investigations of this nature should be conducted in the future
using a larger sample size of players and games in order to verify the present findings and to
evaluate in more detail potential competitive level and positional differences.

The most recent published report encompassing the largest cohort of elite female
soccer players that has been studied to date analyzed and compared the physical demands of
most matches that took place during the FIFA Women’s World Cup Canada 2015™ and
Germany 2011™.% It included a total of 721 female national team players of 26 different
countries, 80 matches, and 2,188 individual match performance data sets. The average total

distance covered by the field players and goalkeepers was 10,717-10,821 m and
4



5,521-5,792 m, respectively.?® The goalkeepers covered significantly less average distance
compared to all other positional roles; the central defenders (10,020-10,094 m) covered the
lowest and the central midfielders the largest average total distance (11,230-11,397 m)
compared to the other outfield positions.”® In terms of distance covered at high intensity
(>16 km/h), the goalkeepers also covered the lowest amount (73-92 m) compared to the
outfield players (12711272 m).?® The central midfielders (16-18 km/h), wide midfielders
(>18 km/h), forwards (>20 km/h) and full-backs (>23 km/h) covered the longest distances at
the indicated (in parentheses) high-intensity speed thresholds compared to the other outfield
positions.?

In addition to the positional differences mentioned above, relevant differences in the
physical performance results of individual teams by tournament (2011 vs. 2015), match
period (e.g. full game, first and second half, 15-min intervals), tournament phase (group
phase vs. knockout rounds), confederation membership, and final tournament ranking were
identified. Nevertheless, it was concluded that an integrated review of physical and technical-
tactical parameters as well as match outcome should be conducted in order to obtain a more
objective and comprehensive analysis of overall team match performance.?®

The analysis of the FIFA All-Star players and FIFA Official Award winners
(e.g. adidas golden Glove, adidas golden, silver and bronze Ball, adidas golden, silver and
bronze Boot, and Hyundai Young Player Award) showed that for the most part these world-
class players not only displayed better overall soccer skills than their non-All-Star
counterparts but also recorded higher physical match performances than them. This indicates
that the All-Star players and major award winners also possessed superior fitness levels than

the other non-All-Star players.®



2 DISSERTATION AIMS

This dissertation is submitted in the form of a series of research papers that are interrelated
and embrace the overall thesis topic of “Investigations for the Development of a
Physiological Profile in Women’s Soccer”. The main aims of this thesis are listed below

including the publication that addresses each one of them.

1) Compilation of an updated review of literature on player characteristics and game
demands in women’s soccer — (P-111)%*

2) Assessment of internal physiological responses of female soccer players during
match-play simulations including the collection of heart rate, lactate, and oxygen
consumption data as well as their external physical load by means of total distance
and distances covered at various speeds — (P-1)%

3) Physical performance analysis of women’s soccer league matches of different
competition levels using GPS (Global Positioning System) technology — (P-1V)*

4) Fitness testing and fitness profiles of female soccer players of different competition
levels by means of both laboratory and field tests to determine players’
anthropometric characteristics, aerobic and anaerobic endurance, speed, and explosive
power — (P-11?% and unpublished results)



The main structure of the present thesis is shown in Figure 1.

General Topic:
Investigations for the Developmentof a
Physiological Profile in Women’s Soccer

Review of Literature
Player characteristics and
demands of the game in
women's soccer (P-11)

Research Areas
Physiological Physical performance Fitness testing and
demands of a of German female fitness profiles of
women’s football soccer players during German female soccer
match (P-) competitive matches players
using GPS technology (P-11 and unpublished
(P-1v) results)

Figure 1: Thesis structure diagram.



3 STATE OF THE ART

This chapter will describe the main methodological procedures and equipment used for the

data collection of the present dissertation.

3.1. PORTABLE METABOLIC, HEART RATE AND BLOOD LACTATE
MEASUREMENTS

For the assessment of physiological variables such as oxygen consumption and heart rate,
players were equipped with a portable metabolic system including a breathing mask and a
volume sensor (MetaMax 3B, CORTEX Biophysik, Leipzig, Germany), and a HR monitor
(Polar Team?, Polar Electro Oy, Kempele, Finland). Proper calibration of each portable
metabolic system was performed before each test according to the manufacturer’s guidelines.

Vogler et al*

showed that the validity of this system was satisfactory compared to the
criterion values, although it slightly overestimated VO, by 3-4 %. Its reliability was reported
to be excellent, showing typical errors of only 2-3%.3* All metabolic parameters were
monitored breath-by-breath and exported into 5-s intervals for data analysis. At least two of
the following criteria had to be met for VO,max determination: VO, plateau despite increasing
speed, respiratory exchange ratio (RER) > 1.15, attainment of individual HRnax, and/or peak
blood lactate concentration of >8mmol/L after maximal testing.*® Other metabolic
measurements included: oxygen uptake (VO), carbon dioxide output (VCO,), respiratory
exchange ratio (RER), energy expenditure (EE) and estimated percent carbohydrate turnover
(CHO).

Blood samples were taken from the hyperemic earlobe. Blood samples were collected
in 20-puL capillary tubes and were immediately inserted into pre-filled “safe-lock™ reaction
tubes containing a lysing stabilizing agent. After light shaking of the sealed reaction tubes,
the blood samples were either stored in cooling containers with ice (if the lactate analysis
could be performed right after testing) or refrigerated overnight at about 5°C (if lactate
analysis could not take place until the next morning). Blood lactate concentration was
determined through the enzymatic-amperiometric method using the BIOSEN S_line lactate
analyzer (EKF-diagnostic, Barleben, Germany). Prior to its use, this system was calibrated

with a standard 12 mmol/L solution according to the manufacturer’s instructions. A precursor



model of this device has been found to be valid (r* = 0.91-0.97) and reliable (CV of 1.4 %)

over an ample range of blood lactate values.*®

Figure 2: Portable metabolic, heart rate and blood lactate measuring equipment.

3.2. GLOBAL POSITIONING SYSTEM (GPS) MEASUREMENTS

Players’ physical match performance was monitored by means of GPS devices with a
sampling frequency of 5 Hz (SPI-Pro, GPSports Systems, Canberra, Australia). The validity
and reliability of this GPS model has been reported elsewhere.®”*® The GPS measurements
included total distance, distance covered at different speed zones, and running speed. Six

|39

arbitrary speed zones based on the work of Hewitt et al®™ were used: strolling (0-5 km/h),

walking (5-8 km/h), low-speed running (8-12 km/h), moderate-speed running (12-16 km/h),
high-speed running (16-20 km/h) and sprinting (>20 km/h). These speed zones are similar to

those used in other reports on female soccer players.***
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Figure 3: GPS measuring equipment.

3.3. TEST PROTOCOLS
3.3.1. ANTHROPOMETRY ASSESSMENT

Players’ body height was recorded to the nearest 0.1 cm using a stadiometer (Tanita HR001,
Amsterdam, Netherlands). Body mass and percentage body fat (BF) were obtained to the
nearest 0.1 kg and 0.1 %, respectively, using an electronic body composition monitor
(BC-601, Tanita Europe, Amsterdam, Netherlands). This body composition monitor uses the
leg-to-leg bioelectrical impedance analysis (BIA) method to estimate body fat. Its validity,
reliability and limitations for this purpose have already been discussed elsewhere in the
literature.*** Determination of body fat percentage was conducted for all players using the
“athlete” mode after entering their age, gender, body height, and activity level. Players were
asked to limit their liquid consumption to a maximum of 1 % of body weight during the 2 h
prior to anthropometrical assessment. An empty bladder prior to this testing was also
required. Moreover, players wore a light T-shirt, shorts, and no socks/shoes. We strictly
followed the manufacturer’s guidelines to conduct these measurements. Body mass index was
calculated based on players’ body mass and height (BMI = body mass / body heightz;

expressed in kg/m?).
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Figure 4: Anthropometry assessment.

3.3.2. AEROBIC CAPACITY TESTS

3.3.2.1. Maximal Laboratory Treadmill Test (LTT)

This test was performed under laboratory conditions on a motorized treadmill (Bari-Mill,
WOODWAY, Weil am Rhein, Germany) with an inclination of 1 %. Before the start of the
test, players completed a 10-min warm-up at 8 km/h. After a short break to obtain a blood
sample, the VO,nmax test protocol got started. The start speed was 12 km/h, which was
increased by 1 km/h every 30 s until players reached volitional exhaustion. This exhaustive
incremental test protocol was slightly modified from the one used by Krustrup et al* and
meets common VO,max assessment protocol characteristics that have been stated elsewhere.*®
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Figure 5: Maximal laboratory treadmill test.

3.3.2.2. Yo-Yo Intermittent Recovery Test Level 1 (YYIR1)

This test was conducted indoors on a wooden sports floor according to established
procedures.™*" After completing a standardized warm-up for 10 min, the players performed
the YYIR1, which consisted of 2 x 20 m shuttle-runs at progressively increasing speeds with
a 10-s active recovery period in-between runs. The YYIRL1 started at a speed of 10 km/h. The
speed was then increased by 2 and 1 km/h for the next two speed levels, respectively.
Thereafter, the speed was increased by 0.5 km/h until the participants twice failed to reach
the markers of the test course in time or felt unable to complete another shuttle-run at the
dictated speed. A table with a more detailed description of the YYIR1 protocol can be found

elsewhere.*®
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Figure 6: Yo-Yo Intermittent Recovery Test Level 1.

3.3.2.3. Field Level Test (FLT)

The field level test (FLT) was used for determination the players’ velocity at a blood lactate
concentration of 4 mmol/L (v4). It was performed on a 400 m dry tartan track. Cone markers
were placed every 50 m on the tartan track. An electronic acoustic signal device was
programmed and used to dictate the speed that the players had to maintain throughout each
test level. Every acoustic signal indicated how fast the players had to reach each 50-m
marker. The specific test protocol used is shown in Table 1.

Blood samples were collected from the players’ earlobe at rest, immediately after
completing each test level, and after a 7 min active recovery (light jogging) period. Blood
lactate concentration was measured using the same procedures and lactate analyzer described
before. A 1-3 min break was allowed between each test level in order to collect the blood
samples. All players wore a HR monitor (Polar Team?, Polar Electro Oy, Kempele, Finland)
during the test and HR was recorded at 5-s intervals. Velocity at a blood lactate concentration
of 4 mmol/L (v4) was determined arithmetically based on linear interpolation of the players’
blood lactate and running velocity values above and below the fixed 4 mmol/L blood lactate
concentration obtained during the field level test.** The specific equation used for this

purpose was:
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Va=Vp + (4 —Lap) * (Va— Vo) / (Laa — Lap)

These abbreviations correspond to v: running velocity (km/h); La: blood lactate

concentration (mmol/L), ,: below the fixed 4 mmol/L blood lactate concentration, and

.. above the fixed 4 mmol/L blood lactate concentration.>

Table 1: Test protocol of the field level test.

Speed 400-m time | 50-m time | Distance | Level duration
Level | m/s km/h | min:s S S m min:s
1 2.0 7.2 03:20 | 200.0 25.0 1200 10:00
2 2.5 9.0 02:40 | 160.0 20.0 1200 08:00
3 3.0 10.8 02:13 | 133.3 16.7 1200 06:39
4 3.5 12.6 01:54 |114.3 14.3 1200 05:42
5 4.0 14.4 01:40 | 100.0 12.5 1200 05:00
6 4.5 16.2 01:28 | 88.9 11.1 1200 04:24
7 5.0 18.0 01:20 | 80.0 10.0 1600 05:20
8 55 19.8 01:13 | 72.7 9.1 1600 04:52
9 6.0 21.6 01:07 | 66.7 8.3 1600 04:28
10 6.5 23.4 01:01 | 61.5 7.7 2000 05:05

an]'ff'vlllu‘i .

Figure 7: Field level test assessment.
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3.3.3. SPEED, ANAEROBIC ABILITY AND EXPLOSIVE POWER TESTS

3.3.3.1. Speed and Anaerobic Ability Test

Anaerobic ability (maximal rate of lactate production (vLamax)) and speed performance
(30-m and 70-m sprint times) were both evaluated during a 70-m sprint test. The sprint times
were measured using an electronic wireless timing system (SMARTSPEED™, Fusion Sport,
Coopers Plains, Australia). This single beam system is equipped with an advanced error
correction technology that avoids measurement errors due to hand breaks and false starts.
This technology assures that the athlete’s torso remains as the only point of measurement
throughout the test. It has been demonstrated that this system shows a maximal typical error
of <0.03 s and CV of < 2 % for common sprint-test distances.”* The timing gates/units of this
system were placed at the 0, 30, and 70-m sprint lines at a height of approximately 1 m.
Players started the sprint 1 m behind the first timing gate from a standing start. Players
commenced the sprint when they felt ready. The time measurement started when the players
passed through the first timing gate. Additionally, they were instructed to sprint maximally
up to a pair of cones that was placed 2 m after the 70-m line. Players’ 30-m and 70-m sprint
times were recorded to the nearest 0.01 s.

Players performed a single 70-m sprint during this testing session because this sprint
test was also used to determine players’ anaerobic ability by means of vLamay.’ For this
purpose, blood samples were collected from the players’ earlobe at rest, after the warm-up
period, and at 1, 3, 5, 7, 10, and 12 min after the 70-m sprint test. Blood lactate concentration
was measured using the same procedures and lactate analyzer described before. Players’
vLamax Was computed according to Heck and Schulz™ using the following formula:

VLamax = Lapost — Larest / 70-MT — Tajac

These abbreviations correspond to vLama: maximal rate of lactate production
(mmol/L/s); Lapest: maximal post-sprint blood lactate (mmol/L); Laes: blood lactate at rest
(mmol/L); 70-m sprint time (S); Tanac: estimated free-lactate time for the sprint duration (s).
The numerical value used for T Was 3 s, which Heck and Schulz®® recommended for a

sprint lasting about 10 s (duration in which most players completed the 70-m sprint).
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Figure 8: 70-m sprint test to assess players’ anaerobic ability and speed.

3.3.3.2. Counter-Movement Jump Test (CMJ)

CMJ height was assessed using an electronic contact mat system (SMARTJUMP™, Fusion
Sport, Coopers Plains, Australia). Correct jumping technique was explained and
demonstrated to the players prior to the test. Players were instructed to begin from a standing
position with free hands, to perform a quick crouching action bending their knees to about
90 degrees, followed by a jump for maximal height while keeping straight knees in the air.
Free hand movement (arm swing) was allowed throughout the CMJ in order to make the test
as soccer-specific as possible. A maximum of two sub-maximal attempts focusing on proper
jumping technique were allowed as a practice before the test. Players performed 3 maximal
CMJ, with about 2 min of recovery in-between. The highest jump was used for data analysis.
The SMARTJUMP system measures flight time during the CMJ and calculates jump height
using the following equation: CMJ height = 1/8 (g-t?), where g = acceleration due to gravity
(9.81 m/s) and t = flight time. This formula is generally used by other commercially available
electronic contact mats.>* The test-retest-reliability of the three CMJ trials was very good
resulting in an intraclass correlation coefficient (ICC) of 0.95.
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Figure 9: Counter-movement jump test.
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4 OWN AREAS OF RESEARCH

4.1. PHYSIOLOGICAL DEMANDS OF A WOMEN’S FOOTBALL MATCH
(ENGLISH SUMMARY FROM “PHYSIOLOGISCHE BEANSPRUCHUNG
EINES FRAUENFUBBALLSPIELS)” — (P-1)*

OBJECTIVE:

The purpose of the present study was to investigate for the first time the physiological and
physical demands of a women's football match by means of simultaneous measurements with

portable metabolic and GPS (Global Positioning System) devices.

METHODS:

A training game (11 vs. 11) under close to real competitive game conditions (match-play
simulation) was organized after a preceding familiarization game (total playing time
90 minutes (2 x 3 x 15 min), with 3 substitutions per team allowed and a 15-minute half-time
break). A total of 28 female football players competing in the second and fourth German
leagues participated in this study. From these players, 10 outfield players (21.3 + 2.9 years,
163.1 + 7.2 cm, 60.0 + 4.6 kg) were selected to wear the measuring devices throughout the
entire duration of the training game (6 and 4 players per team, respectively). Figure 10 shows
images of the methodological preparation and implementation of the present study. The
following parameters were recorded: 1) metabolic measurements (including oxygen uptake
(VO,), carbon dioxide output (VCO; ), respiratory exchange ratio (RER), energy expenditure
(EE) and estimated percent carbohydrate turnover (CHO)), 2) heart rate (HR), 3) blood
lactate concentration (La, at rest, after each of the three 15-minute intervals in the first and
second halves and after the half-time break), and 4) GPS measurements (including running
distance (D) and speed (v)). The maximum oxygen uptake (VOzmax) and heart rate (HRax) Of

the players were determined using a maximal test on a treadmill under laboratory conditions.

RESULTS:

Table 2 shows selected results of the present study. The average blood lactate concentration
at rest was 0.98 = 0.25 mmol/L, the average blood lactate concentrations measured during the

game were <3.0 mmol/L, and the peak blood lactate value was 6.61 mmol/L. The average
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VO, and HR peak values achieved during the game were 53.0 £ 3.8 mL/kg/min and
182 + 8 bmp. This corresponds to 98 + 2% of the average VO,max and 94 + 5% of the average
HRmax. The average and maximum speed throughout the game was 4.9+ 1.0 km/h and
24.3 = 2.4 km/h, respectively.

CONCLUSION:

Most parameters showed diminished values during the second half compared to the first half
of the match. The findings of the present study were somewhat lower compared to published
1) metabolic data of male footballers and 2) heart rate, blood lactate, and GPS values of
women's football competitive matches. Possible reasons for the discrepancy of results may
include: gender, anthropometry, physical condition, level of play and motivation of the
participating players, playing conditions, methodological differences, and movement
limitations caused by the measuring devices. A detailed analysis of the game demands
provides valuable information for the design of efficient and individualized fitness training

programs specific for female football players.

Figure 10: Study methodology in pictures (P-1)*? — from study preparation to

implementation.
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Table 2: Selected results from the women’s football match-play simulation (mean + standard deviation) (P-1)*.

Metabolic Variables (n = 9) HR & La (n =10) GPS (n =10)
Game (VO2max: 3.20 £ 0.30 L/min or 54.2 + 4.3 mL/kg/min) (HRmax: 193 + 8 bpm)
Interval VO, VO, EEotal HR La Diotal D16 kmih
(L/min) (mL/kg/min) (kcal) (bpm) (mmol/L) () ()

115 min | 1.97#0.45 | 33.1#7.4 | 0.92+0.12 | 145.1#246 | 70.5+23.1 | 160410 | 2.83+1.88
2915 min | 1.63+0.45 27.5£7.5 0.90+£0.11 120.2+24.7 66.3+27.3 154+12 1.82+0.83 1186+253 8641
3915 min | 1.79+0.47 30.0£7.3 0.92+0.11 129.0+32.2 73.2£29.9 156+14 2.79t£1.64 1231+332 123+83

1% half 1.79+0.48 30.1+7.8 0.91+0.11 394.3+78.6 70.0£26.0 | 157+11 2.48+1.54 3823+819 | 3261181
4™ 15 min | 1.63+0.47 27.6£7.5 0.92+0.11 120.0+22.7 71.1+£26.2 147+11 2.08+0.68 1170233 118+72
5715 min | 1.61+0.39 27.2£6.5 0.91+0.12 118.7+18.3 68.8+£30.2 149+9 1.97+0.69 1170242 108+50
6" 15 min | 1.50+0.43 25.4+6.9 0.88+0.11 110.5+23.5 62.1£30.7 145+10 1.51+0.80 1068+238 79+83

2" half 1.58+0.43 26.7£7.0 0.91+0.11 349.3+63.3 67.3£28.2 147+9 1.85+0.74 34071695 305187

Full Game

1.68+0.47

28.4+7.6

0.91+0.11

743.5+137.3

68.7+26.9

152+10

2.17+£1.24

7230+1474

631+358
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4.2. GPS PERFORMANCE ANALYSIS OF WOMEN’S SOCCER COMPETITIVE
MATCHES OF THE SECOND AND FOURTH GERMAN LEAGUES — (P-1V)*

OBJECTIVE:

The aim of the present study was to compare the physical demands of women’s soccer
competitive matches of the second (2L) and fourth (4L) German leagues using GPS

technology.

METHODS:

Twenty-two outfield female soccer players from a local club who were competing in the
second (2L) and fourth (4L) German National Leagues took part in this study. Eight players
competed only in the 2L, 8 players only in the 4L, and the remaining 6 players participated in
both leagues as they played up or down based on coaching decisions. The data of the
6 players who played games in both leagues were included for analysis in each league.
Therefore, the total number of players considered for each league was 14 (8+6). Players’
physical match performance was monitored by means of a GPS device with a sampling
frequency of 5 Hz (SPI-Pro, GPSports Systems, Canberra, Australia). Additionally, players’
heart rate (HR) was continuously monitored every 5 s during match-play by means of the
Polar Team? System, Polar Electro Oy, Kempele, Finland. A total of 10 competitive matches
were evaluated in this study (5 matches for each competitive league). The participating
players were monitored during 1-5 matches in each league and only the data sets of the
players who completed the whole match (90 min) were used for data analysis. Therefore, a
total of 34 and 26 complete data sets were considered for data analysis in the 2L and 4L,
respectively. Additionally, these data sets were classified further according to the positional
role that the coaching staff assigned to the players in each match considering only the data
sets of the players who played the whole match in that particular position. Thus, our
positional analysis included 17, 13 and 4 complete data sets of defenders, midfielders and
forwards in the 2L; and 12, 10, and 4 in the 4L, respectively. The variables evaluated were
total distance (TDC), distance covered at different speed zones, speed, and heart rate. Six

arbitrary speed zones based on the work of Hewitt et al®

were used: strolling (0-5 km/h),
walking (5-8 km/h), low-speed running (8-12 km/h), moderate-speed running (12-16 km/h),

high-speed running (16-20 km/h) and sprinting (>20 km/h).
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RESULTS:

Table 3 and Figures 11 and 12 summarize the main results obtained in the present study.

CONCLUSION:

In conclusion, the physical demands of 2L competitive matches are higher than those of 4L

matches, especially in terms of TDC (12%, indicates percent difference), distance covered at

> 16 km/h (30%), and average peak speed (5% difference) resulting in a higher average HR

(2%). Furthermore, positional differences exist in terms of total distance covered and distance

covered at various speeds (e.g. 8-12, 12-16, and 16-20 km/h) in both leagues. These physical

demands are significantly lower for defenders than for midfielders and forwards. Midfielders

tend to face the highest physical demands during match-play in both leagues. Thus, players’

physical preparation should meet the specific demands of their competitive level and

positional role.

Table 3: Total distance covered and average heart rate by competitive league (P-1V)*.

Variable 2L (n=34) 4L (n=20)

TDC (m) (m)

First half 4.735+498* 4277706

Second half 4 587+438% 3.947+£732

Full game 9,3224903* 8,224+1415

HR (bpm) (bpm)

First half 1737 (90% HR_ )** 168+10 (88% HR__)*
Second half 169++6 (88% HR_ )~ 16210 (86% HR_)

Full game 1716 (89% HR_ )~ 165+9 (87% HR_ )

Results presented as mean+SD.

*Significantly higher than 4L, *higher than second half (p < 0.05).

2L: second German national league, 4L: fourth German national league, TDC: total distance covered,
HR: average heart rate, HR__: maximal heart rate, n- number of complete data sets analyzed for each

league.
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0-5kmh | 5-8kmh | 8&I12kmh | 12-16km/h | 16-20km/h | 20+ kmh
m2L (n=34) 2361 2040 2384 1576 671 290

4L (n=26) 2393 1672 2098 1384 515 162

Distance covered (m) at different speed zones (km/h)

Figure 11: Distance covered at six different speed zones according to Hewitt et al*® by
competitive league (P-1V)*.
*Significantly higher than 4L (p < 0.05), 2L: second German National League, 4L: fourth German National League,

n: number of complete data sets analyzed for each league. The numbers shown above the bars represent the corresponding
percentages from the total distance covered in each league.
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a) 2L
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il
1 05kmh | 5-8kmh | 812kmh | 12-16kmh | 16-20km/h | 20+kmh
m Defenders (n=17) 2408 2042 2199 1285 532 250
» Midfielders (n=13) 2300 2094 2601 1889 781 303
m Forwards (n=4) 2363 1859 2465 1794 905 417
Distance covered (m) at different speed zones (km/h)
b) 4L
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(m) 2000 -
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1000 -~
o*
500 - | H I
07 0-5km/h 5-8km/h 8-12km'h | 12-16km/h | 16-20km/h | 20+kmh
m Defenders (n=12) 2483 1498 1716 1027 368 132
= Midfielders (n=10) 2291 1778 2637 1872 657 201
m Forward (n=4) 2378 1928 1896 1237 599 153
Distance covered (m) at different speed zones (km/h)

Figure 12: Distance covered at six different speed zones according to Hewitt et a

playing position a) in the 2L and b) in the 4 L (P-1V)®.

n = number of complete data sets included for analysis in each playing position.*Significantly lower than midfielder, *lower

than forward (p < 0.05). 2L: second German National League, 4L: fourth German National League.
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4.3. VALIDITY OF THE YO-YO INTERMITTENT RECOVERY TEST LEVEL 1
FOR DIRECT MEASUREMENT OR INDIRECT ESTIMATION OF MAXIMAL
OXYGEN UPTAKE AMONG FEMALE SOCCER PLAYERS — (P-11)*

OBJECTIVE:

To evaluate the validity of the Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) for the
direct assessment and the indirect estimation of maximal oxygen consumption (VOzmax) In

female soccer players compared with a maximal laboratory treadmill test (LTT).

METHODS:

Eighteen female soccer players (21.5 + 3.4y, 165.6 £ 7.5 cm, 63.3 = 7.4 kg; mean = SD)
completed an LTT and a YYIRL in random order (1 week apart). Their VOymax Was directly
measured via portable metabolic equipment during both tests and indirectly estimated from a

published non-gender-specific formula (YYIR1-F1).!

RESULTS:

The measured VO;max Values in LTT and YYIR1 were 55.0 £ 5.3 and 49.9 + 4.9 mL/kg/min,
respectively, while the estimated VOymax values from YYIR1-F1 corresponded to 45.2 +
3.4 mL/kg/min. Large positive correlations between the VO,max values from YYIR1 and LTT
(r = .83, P < .001, 90% confidence interval = .64-.92) and YYIR1-F1 and LTT
(r = .67, P =.002, .37-.84) were found. However, the YYIR1 significantly underestimated
players’ VOomax by 9.4% compared with LTT (P < .001) with Bland-Altman 95% limits of
agreement ranging from —20.0% to 1.4%. A significant underestimation from the YYIR1-F1
(P < .001) was also identified (17.8% with Bland-Altman 95% limits of agreement ranging
from —31.8% to —3.8%).

CONCLUSION:

The YYIR1 and YYIR1-F1 are not accurate methods for the direct assessment or indirect
estimation of VO,max in female soccer players. The YYIR1-F1 lacks gender specificity,
which might have been the reason for its larger error. The gender-specific estimation formula
derived from the data of our study sample (YYIR1-F2) might be more appropriate to estimate

VO2max among female soccer players. However, this must be evaluated in future studies.
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44.FITNESS PROFILES OF GERMAN FEMALE SOCCER PLAYERS
(UNPUBLISHED RESULTS)

OBJECTIVE:

The aim of this study was to compare the anthropometric and physical characteristics of a
group of 24 adult female soccer players competing in the second (n = 11) and fourth (n = 13)
leagues in Germany. Differences according to playing position (independent of the

competitive level) and relationships among the assessed variables were also evaluated.

METHODS:

A total of 4 goalkeepers (GK), 4 central defenders (CD), 4 external defenders (ED), 4 central
midfielders (CM), 5 external midfielders (EM), and 3 forwards (F) participated in this study.
Players were tested towards the end of their competitive season for anthropometry (body
height [BH], body mass [BM], body mass index [BMI], percentage body fat [% BF]); aerobic
capacity (maximal oxygen uptake [VOamax], Velocity at a blood lactate concentration of
4.0 mmol/L [v4], and total distance covered in the Yo-Yo intermittent recovery test level 1
[YYIR1-D]); anaerobic ability (maximal rate of lactate production [vLama]); explosive
power (countermovement jump height [CMJ-H]); and speed (30-m and 70-m sprint times
[30-mT and 70-mT]). Non-parametric tests and a significance level of p < 0.05 were used for

statistical analysis.

RESULTS:

Table 4 summarizes the fitness profiles of the participating players according to their
competitive level. Players of the second and fourth league differed significantly only in their
YYIR1 performance. Second division players covered on average a 20% longer distance in
the YYIRL1 than the fourth division players. Significant differences according to playing
position were identified for body height (GK>CD, EM, F and ED >F), body mass
(GK>CM, EM, F; CD >CM, F; and F < ED, EM), and absolute VOsmax (GK > CD, CM, F
and EM > F) (Table 5). Spearman’s correlational analysis revealed significant relationships
between % BF and several fitness test results including negative correlations with relative
VO,max and YYIR1-D (rs = — 0.61 and — 0.62) and a positive correlation with 30-mT and

70-mT (rs = 0.76 and 0.70). Furthermore, the results of the three aerobic capacity tests were
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highly correlated (rs = 0.59-0.75). The YYIR1-D and the CMJ-H showed significant negative
correlations with 30-mT and 70-mT (rs = — 0.46 to — 0.58). Both sprint results were positively
correlated (rs = 0.94) and negatively related to vLanax (s = — 0.46 to — 0.58).

CONCLUSION:

This study offered for the first time objective data on the anthropometric and physical
characteristics of adult female soccer players competing in the second and fourth German
leagues. It also confirmed the existence of significant competitive-level and positional role

differences and relationships among the assessed variables.
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Table 4: Fitness profiles of adult German female soccer players according to their

competitive level (2L vs. 4L).

; _ _ p value from
Variable 2L (n=11) 4L (n=13) M-W U test
Anthropometry
166.2 + 8.8 165.3+5.7 _
BH (cm) (152.1-179.9), 165.8 | (157.0-174.5), 165.1 p=0.772
63.0 £ 8.1 63.0 £ 6.0 B
BM (kg) (52.7-79.4), 60.3 (54.8-73.4), 61.4 p=0.706
) 227+15 231+15 _
BMI (kg/m") (20.4-24.9), 22.2 (20.1-25.7), 23.1 p=0.523
19.0+25 215+4.3
0 =
BF (%) (14.9-23.1), 19.1 (16.5-30.1), 19.5 p=0.223
Aerobic capacity
) 35+06 33+0.4
8V Oy (L/Min’) (2.8-4.3) 3.4 (2.8-4.3), 3.3 p=0.728
: 546+5.1 52.7 5.4 ~
rVOjmax (ML/min/kg) (48.6-67.0), 56.0 (45.9-62.4), 52.9 p=0.324
\ 12605 11.4+14 B
va (km/h) (11.9-13.4). 12.7 (9.4-13.4), 11.3 p=0.070
1102 + 316 886 + 399 o roa
AIRIAD) () (600-1640), 1080° (520-2080), 800 p=Une
Anaerobic ability
0.84 +0.20 0.85 £ 0.10 ~
VL aax (MMOl/Ls) (0.53-1.31), 0.82 (0.66-1.11), 0.85 p=0.794
Explosive power
38.1+42 355+59 B
CMJ-H (cm) (32.0-44.0), 39.7 (25.5-46.7), 33.3 p=0.183
Speed
455+ 0.19 467+020 B
30-mT (s) (4.33-4.91), 4.53 (4.43-5.05), 4.64 p=0.156
10.00 + 0.39 10.31 + 0.52 ~
70-mT (s) (9.58-10.60), 9.80 (9.58-11.34), 10.35 p=0192

Descriptive statistics are presented as mean + SD (min—max), median. 2L: second division players; 4L: four
division players; M-W U: Mann-Whitney U test; p: level of significance; BH: body height; BM: body mass;
BMI: body mass index; BF: body fat; aVO,n.y: absolute maximal oxygen consumption in laboratory treadmill
test; r'VOoma: relative maximal oxygen consumption in laboratory treadmill test; v,4: velocity at a blood lactate
concentration of 4 mmol/L in field level test; YYIR1-D: distance covered in Yo-Yo intermittent recovery test
level 1; vLan.: maximal rate of lactate production after 70-m sprint; CMJ-H: countermovement jump height
(with arm swing); 30-mT: 30-m sprint time; 70-mT: 70-m sprint time; * in the case of v, n = 8 for 2L group.
&Significantly different from 4L, p < 0.05.
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Table 5: Fitness profiles of adult German female soccer players according to their playing position (mean = SD, range, median).

GK CD ED CM EM F p value
Variable
n= n= n= n= n= n= - es
(n=4) (n=4) (n=4) (n=4) (n=5) (n=3) K-W H test
Anthropometry
BH (cm) 173.8+4.4 166.8 £7.8 168.8 £5.3 161.5%6.5 163.9+£5.0 158.1£45 e
cm p=.
(170.3-179.9), 172.5 | (157.0-174.5), 167.9 | (165.1-176.5), 166.8 | (152.1-167.2), 163.3% | (157.8-171.0), 163.9* | (153.8-162.8), 157.6™°¢
72.6 £5.0 65.6 £ 6.0 63.4£6.3 58.2+2.2 62.0+4.3 54.7+1.9
BM (kg) b b o d p = .009**
(67.8-79.4), 71.5 (60.3-73.4), 64.4 (57.4-70.8), 62.7 (56.0-61.1), 57.8* (57.8-68.9), 60.5° (52.7-56.5), 54.8* "
24.0+0.6 235+17 223+23 225+2.0 23.0+0.6 219+0.5
BMI (kg/m?) p=.328
(23.2-24.5),24.2 (22.0-25.1), 23.5 (20.4-25.7), 21.5 (20.1-24.9), 22.5 (22.0-235),23.1 (21.3-22.2),22.1
224+£22 22.7+5.0 21.3+5.9 196+1.7 171+£17 195+26
BF (%) p=.110
(19.5-24.8), 22.7 (18.0-28.4), 22.2 (17.4-30.1), 18.9 (17.2-20.8), 20.2 (14.9-19.2), 16.7 (16.8-22.0), 19.8
Aerobic capacity
- 39+03 32%03 3304 31+03 3.7%£05 29+0.1
aVO,max (L/min7) g p=.022
(3.6-4.3),39 (2.8-3.4),3.3° (2.8-3.7),3.3 (2.8-3.4),3.1% (3.1-4.3),34 (2.8-3.0), 2.9*
53.7+1.7 493148 523+5.7 53.4+55 58.7+5.8 52.8+3.4
IV Oymax (M/Min/kg) p =.245
(52.5-56.0), 53.2 (46.0-56.2), 47.5 (45.9-58.1), 52.6 (48.6-61.1), 51.9 (53.4-67.0), 56.3 (49.3-56.1), 52.9
122+0.9 11.1+£1.3 11.3+0.7 12.0+2.3 125+0.8 121+£1.9
v, (km/h) p = .460
(11.0-13.1), 124 (9.8-12.7), 10.9 (10.6-11.9), 11.3 (9.4-13.3),13.2 (11.5-13.4),12.6 (10.0-13.4),13.0
870 + 418 830 + 220 940 + 321 910+ 76 1288 + 578 1000 + 327
YYIR1-D (m) p=.642

(520-1440), 760

(640-1120), 780

(720-1400), 820

(800-960), 940

(600-2080), 1120

(640-1280), 1080
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Table 5: (continued)

GK CD ED CM EM F p value
Variable
(n=4) (n=4) (n=4) (n=4) (n=5) (n=3) K-W H test
Anaerobic ability
0.69 +£0.15 0.89 £0.15 0.89 +£0.05 0.83+0.15 0.95+0.20 0.82 £0.06
VLamax (mmol/L/s) p =.108
(0.53-0.82),0.71 (0.76-1.11), 0.85 (0.83-0.95), 0.88 (0.66-1.01), 0.82 (0.82-1.31), 0.87 (0.76-0.87). 0.82
Explosive power
37.8+2.4 37.6+8.2 36.0+£7.3 35.6+4.2 36.8+5.0 36.4+6.6
CMJ-H (cm) p=.942
(35.4-40.0), 37.9 (25.5-43.1), 40.9 (30.4-46.7), 33.5 (31.3-39.8), 35.6 (30.9-42.7), 36.8 (32.0-44.0), 33.3
Speed
479+0.14 462+0.21 457+0.14 472 +0.25 444 +0.14 457 £0.20
30-mT (s) p =.104
(4.64-4.91), 4.80 (4.45-4.93), 4.55 (4.48-4.78), 4.50 (4.53-5.05), 4.64 (4.33-4.67),4.43 (4.35-4.73), 4.64
10.58 + 0.30 10.19 £ 0.52 10.04 £ 0.27 10.39 £0.70 9.78 £0.34 10.13+£0.48
70-mT (s) p=.112
(10.20-10.94), 10.59 | (9.80-10.93), 10.02

(9.77-10.40), 10.00

(9.76-11.34), 10.24

(9.58-10.38), 9.64

(9.58-10.46), 10.35

Descriptive statistics are presented as mean £ SD (min—max), median. GK: goalkeepers; CD: central defenders; ED: external defenders; CM: central midfielders; EM:
external midfielders; F: forwards; K-W H: Kruskal-Wallis H test, post-hoc tests performed by means of Mann-Whitney U tests; p: level of significance; BH: body height;
BM: body mass; BMI: body mass index; BF: body fat; aVO,m.«: absolute maximal oxygen consumption in laboratory treadmill test; rVO,n.x: relative maximal oxygen
consumption in laboratory treadmill test; v,4: velocity at a blood lactate concentration of 4 mmol/L in field level test; YYIR1-D: distance covered in Yo-Yo intermittent
recovery test level 1; vLan.,: maximal rate of lactate production after 70-m sprint; CMJ-H: countermovement jump height (with arm swing); 30-mT: 30-m sprint time; 70-

mT: 70-m sprint time; * in the case of v, n = 3 for ED and CM, and n = 4 for EM. ®Significantly different from GK; "significantly different from CD; significantly different
from ED; %significantly different from EM. All p < 0.05, except **p < 0.01.
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5 CONCLUSIONS AND OUTLOOK

5.1. MAIN FINDINGS

The detailed literature review completed on player characteristics and game demands in
women’s soccer (P-111)** permitted the identification of literature gaps in this subject and
allowed us to target specific areas of research for the present thesis including:
physiological demands of a women’s football match including simultaneous
measurements with portable metabolic and GPS technology; physical performance
analysis of women’s soccer competitive matches of different competition levels using
GPS technology; and fitness testing and fitness profiles of female soccer players of
different competition levels by means of both laboratory and field tests.

To the best of our knowledge, the investigation of the physiological demands of a
women’s football match with parallel measurements of HR, VO, blood lactate, and GPS
data may have been the first of its kind worldwide (P-1).%* It showed that most measured
parameters decreased during the second half compared to the first half of the match,
which may have been the result of fatigue towards the end of the match. Our study
findings were also somewhat lower compared to published 1) metabolic data of male
footballers and 2) heart rate, blood lactate, and GPS values of women's football
competitive matches. The discrepancy of results may have been due to gender,
anthropometry, physical condition, level of play and motivation of the participating
players, playing conditions, methodological differences, and movement limitations
caused by the measuring devices. Nevertheless, a detailed analysis of physiological game
demands provides valuable information for the design of efficient and individualized
fitness training programs specific for female football players.

The physical performance analysis of women’s soccer competitive matches of the second
(2L) and fourth (4L) German leagues using GPS technology revealed that the physical
demands of 2L competitive matches were higher than those of 4L matches (P-1V).*
Especially in terms of TDC (12%, indicates percent difference), distance covered at
> 16 km/h (30%), and average peak speed (5% difference) resulting in a higher average
HR (2%). Furthermore, positional differences were identified in terms of total distance
covered and distance covered at various speeds (e.g. 8-12, 12-16, and 16-20 km/h) in both

leagues. These physical demands were significantly lower for defenders than for

31



midfielders and forwards. Midfielders faced the highest physical demands during match-
play in both leagues. Thus, players’ physical preparation should meet the specific
demands of their competitive level and positional role.

The Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) has gained large popularity in
the soccer world due to its specificity and practicality to assess players’ ability to perform
repeated intense exercise. It may also offer an alternative to estimate VO,max based on a
non-gender specific prediction equation (YYIR1-F1). However, it was still unknown if
this formula would yield accurate results to predict VO,max Of female soccer players.
Therefore, this study aimed to evaluate the validity of the YYIR1 for the direct
assessment (via portable metabolic equipment) and the indirect estimation of VO;max
(from a non-gender-specific formula, YYIR1-F1) among female soccer players in
comparison to a maximal laboratory treadmill test (LTT). The study results showed that
the YYIR1 and YYIR1-F1 are not accurate methods for the direct assessment or indirect
estimation of VOma in female soccer players (P-11).® The YYIR1-F1 lacks gender
specificity, which might have been the reason for its larger error. The gender-specific
estimation formula derived from the data of our study sample (YYIR1-F2) might be more
appropriate to estimate VO,max among female soccer players. However, this must be
evaluated in future studies.

The analysis of fitness profiles of female soccer players of the second and fourth German
leagues confirmed the existence of significant competitive-level and positional role
differences and relationships among the assessed variables. In terms of competitive level,
players of the second and fourth league differed significantly only in their YYIR1
performance. Second division players covered on average 20 % longer distance in the
YYIR1 than the fourth division players. Significant differences according to playing
position were identified for body height (GK >CD, EM, F and ED > F), body mass
(GK>CM, EM, F; CD >CM, F; and F < ED, EM), and absolute VO,max (GK > CD, CM,
F and EM >F). Spearman’s correlational analysis revealed significant relationships
between % BF and several fitness tests results including negative correlations with
relative VO,max and YYIR1-D (rs = — 0.61 and — 0.62) and a positive correlation with
30-mT and 70-mT (r;=0.76 and 0.70). Furthermore, the results of the three aerobic
capacity tests were highly correlated (rs = 0.59-0.75). The YYIR1-D and the CMJ-H
showed significant negative correlations with 30-mT and 70-mT (rs = — 0.46 to — 0.58).
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Both sprint results were positively correlated (rs = 0.94) and negatively related to vLamax
(rs =—0.46 to — 0.58).

5.2. PRACTICAL APPLICATIONS

The physical capacities of players should be tested regularly through objective and
standardized performance assessment in order to identify their strengths and weaknesses.
This can also be useful for evaluating the effectiveness of a specific training program,
setting individual and team fitness standards, and talent identification/development.

Based on this information physical training should be individualized according to the
players’ current fitness levels, positional role, and level of competition. This will help
players to cope more efficiently with the demands of the game.

Coaches and practitioners working with female players should be educated on relevant
female-specific characteristics through coaching courses specific to the women’s game.
The information presented in this thesis and its resulting publications provide an objective
point of reference about player characteristics and game demands at various levels of
women’s soccer. This data may assist coaches and sport scientists to design more
effective training programs and science-based strategies for the further improvement of

players’ soccer performance and game standards.

5.3. STRENGTHS AND LIMITATIONS

The main strengths of the current thesis include the simultaneous utilization of state of the
art technology such as portable metabolic and GPS devices to quantify the physiological
and physical demands of women’s soccer match-play (first investigation of this type
worldwide). Additionally, the analysis of the physical performance and fitness profiles of
female soccer players of lower competition levels (e.g. second and fourth national
leagues) has strengthened the body of current literature because information in this area
was previously scarce. The majority of published reports had focused only on players
competing at the highest levels such as national team/international level and/or first
division leagues. Finally, it was also a novelty worldwide to evaluate simultaneously
whether the VO,max 0f female soccer players could be accurately assessed (via portable
metabolic equipment) or estimated (from a non-gender-specific formula based on distance
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covered) during the YYIR1 compared to the gold standard (a maximal laboratory
treadmill test). Both methods were found not to be accurate for this purpose compared to
the gold standard. Nevertheless, a new estimation formula specific for female soccer
players (YYIR1-F2) was derived from this study for the first time, which will require
further validation in future studies.

There are a few limitations associated with the current thesis that must be acknowledged.
First, due to the time-consuming and labor-intensive nature of the methodological
procedures utilized in each study sample sizes were relatively small. Therefore, the
generalization of our findings to other groups of players should be made with caution.
Second, comparisons of our study results with other investigations that used different
speed zones or thresholds to define the various locomotor activities** and/or other match
analysis systems should also be performed with caution because large absolute between-
system differences exist when comparing video-based time motion analysis, semi-
automatic multi-camera, and GPS systems.*® This also includes the potential limitation of
current GPS technology to underestimate distance and speed measures during high-
intensity efforts.>® Finally, although proper familiarization trials were conducted prior to
official data collection, movement limitations caused by the measuring equipment
(portable metabolic, GPS, and/or HR devices) may have negatively influenced our study

results. Thus, this should also be considered when interpreting the findings of this thesis.

5.4. FUTURE DIRECTIONS

Due to the increased popularity and participation numbers of women’s soccer worldwide,
there is a high demand of scientific research specific to female players of various age
groups, nationalities, competitive levels (higher and lower divisions), and positional roles
(including detailed analysis of the goalkeeping demands and more specific field player
classifications).

To date, most investigations in the areas of player characteristics and demands of the
game are of a descriptive nature. Therefore, there is need for more experimental studies
that evaluate the effectiveness of certain training and recovery interventions (e.g., 1 vs. 2
competitive matches per week) on players’ characteristics (e.g., anthropometry,
physiological, and physical capacities) and on their football performance during match-

play. The latter is not only important in terms of physical/physiological aspects but also
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regarding technical, tactical, and mental/psychological elements because soccer
performance is influenced by all these factors, and thus, all should be taken into account.
There is also considerable scope for further research specific to female players in topics
such as the effects of the menstrual cycle and contraceptive pills use, potential pregnancy
and lactation, common injury risks (particularly knee and head injuries), and health
concerns (e.g., female athlete triad, iron deficiency, and anemia) on soccer performance
and return to play.

More investigations are needed to quantify the physiological demands placed upon larger
samples of female players, competitive matches, and training sessions at different periods
of the training/competitive year in terms of on-field oxygen consumption, heart rate,
blood lactate concentrations, and physical performance measured in terms of distance,
speed, accelerations, and decelerations.

Finally, the most relevant research findings in these areas should be integrated into
coaching education courses and materials specific to the women’s game in order to
further educate coaches and other practitioners currently working with female soccer
players. This will greatly enhance the future development of the women’s soccer

worldwide.
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Physiclogische Beanspruchung eines Frauenfullballspiels’

Summary

The purpose of the present study was to investigate for the first time the physi-
ological and physical demands of a women's football match by means of sim-
ultaneous measurements with portable spirometry and GPS (Global Position-
ing System) devices. Ten field players wore these devices during a full S0-
minute fraining game (11 vs. 11). Most parameters showed diminished values
during the second half compared to the first half of the match. The findings of
the present study were somewhat lower compared to published 1) spirometry
data of male footballers and 2) heart rate, blood lactate, and GPS values of
women's football competitive matches. A detailed analysis of the game de-
mands provides valuable information for the design of efficient and individual-
ized fitness training programmes specific for female football players.

Zusammenfassung

Die vorliegende Studie hatte zum Ziel, die physiologische und korperliche Be-
anspruchung eines Frauenfulballspiels erstmalig vor allem durch portable Spi-
rometrie- und GPS(Global Positioning System)-Gerate parallel zu quantifizie-
ren. Zehn Feldspielerinnen trugen wahrend eines gesamten 90-mindtigen
Trainingsspiels (11 vs. 11) die Messapparaturen. Die meisten erhobenen Pa-

' Betreuer der Arbeit ist Herr Univ.-Prof. Dr. Ulrich Hartmann, Institut fir Bewegungs-
und Trainingswissenschaft der Sportarten 1, Sportwissenschaftliche Fakultdt, Universitat
Leipzig.
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rameter zeigten wahrend der 2. Halbzeit verminderte Werte. Im Vergleich zu
publizierten 1) Spirometriedaten mannlicher Fulballer und 2) Herzfrequenz-,
Blutlaktat-, und GPS-Werte aus Frauenfuzball-Wettkampfspielen waren unse-
re Befunde etwas niedriger. Eine Detailanalyse der Spielanforderungen liefert
wertvolle Informationen fur die Gestaltung eines effizienten und individualisier-
ten Konditionstrainings spezifisch fur Fultballerinnen.

Schlagworte: portable Spirometrie, GPS-Technologie, Herzfrequenz, Laktat

1. Einleitung

Trotz einer hohen Zunahme der Popularitit im Frauenfulball in den letzten
Jahren ist der aktuelle Stand der Forschung beziiglich physiologischer und
energetischer Spielanforderungen noch sehr begrenzt. Aus diesem Grund war
es Ziel der vorliegenden Untersuchung, die physiologische und kérperliche
Beanspruchung eines Frauenfulballspiels erstmalig mittels innovativer Tech-
nik, vor allem durch portable Spirometrie- und GPS (Global Positioning Sys-
tem) -Gerate, parallel zu quantifizieren.

2. Methodik

Ein Trainingsspiel (11 vs.11) unter nahezu realen Spielbedingungen wurde
nach einem vorangegangenen Probespiel organisiert (gesamte Spielzeit
90 min (2 x 3 x 15 min), wobei 3 Auswechselungen pro Team eraubt und eine
15-mindtige Halbzeitpause gegeben waren. Insgesamt nahmen 28 FuBRballe-
rinnen der 2. Bundes- und Landesliga an dieser Studie teil. Davon wurden 10
Feldspielerinnen (21,3 + 2,9 Jahre, 163,1 + 7,2cm, 60,0 + 4,6 kg) ausge-
wahlt, die die Messgerate wahrend der gesamten Spieldauer trugen (6 bzw.
4 Spielerinnen pro Mannschaft). Abbildung 1 zeigt Bilder der Vorbereitungen
und Durchfihrung der vorliegenden Untersuchung. Die folgenden Parameter
wurden erhoben: 1) Spirografische Messgriien bzw. Berechnungen (u. a.
Sauerstoffaufnahme (VOz), Kohlendioxidabgabe (VCOz), respiratorischer Quo-
tient (RER), Energieumsatz (EU) und geschatzter prozentualer Kohlenhydra-
tumsatz (KHU)), 2) Herzfrequenz (HF), 3) Blutlaktatkonzentration (La, in Ruhe,
jeweils nach den drei 15-miniitigen Bldcken der 1. und 2. Halbzeit sowie nach
der Halbzeitpause) und 4) GPS-Messgriien (u. a. Laufstrecken (D) und -
geschwindigkeiten (v)). Die maximale Sauerstoffaufnahme (VOgpma,) und Herz-
frequenz (HFmax) der Spielerinnen wurden anhand eines Vita-Max-Tests auf
einem Laufband unter Laborbedingungen bestimmt.
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Abb. 1.  Untersuchungsmethodik in Bilder: Von der Vorbereitungen bis zur Durchfuhrung

3.  Ergebnisse

Nachfolgend stelit die Tabelle 1 ausgewahite Ergebnisse der vorliegenden
Studie dar. Die durchschnittliche La-Konzentration in Ruhe betrug 0,98 + 0,25
mmol/l, die im Spiel ermittelten Werte waren < 3,0 mmol/l, der hochste ge-
messene Einzelwert lag bei 6,61 mmol/l. Die mittleren VO2- und HF-Peak-
Werte, die im Spiel erreicht wurden, lagen bei 53,0 + 3,8 mi/min/kg bzw.
182 + 8 S/min, was 98 + 2 % der gemittelten Maximalwerte der VO2 bzw.
94 + 5% der HF entspricht. Die mittlere und hochste Laufgeschwindigkeit
wahrend des gesamten Spiels betrug 4,9 + 1,0 km/h bzw. 25,0 + 0,9 km/h.
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4, Diskussion und Ausblick

In Ubereinstimmung mit der Literatur (Davis & Brewer, 1993; Femrauti et al.,
2006 Krustrup et al., 2005: Martinez-Lagunas et al_, 2010; Weber et al., 1998)
weisen die vorliegenden Befunde bei den meisten erhobenen Parametem
wahrend der 2. Halbzeit tendenziell verminderte Werte auf (ca. 4-25 %, auler
RER). Ebenfalls niedriger sind die Ergebnisse im Vergleich zu publizierten 1)
Spirometriedaten mannlicher FuRballspieler (ca. 12-45 %) (Ferauti et al.,
2006; Gatterer, 2007) und 2) HF- (ca. 9-10 %) (Krustrup et al., 2005; Martinez-
Lagunas et al., 2010), La- (ca. 46-64 %) (Davis & Brewer, 1993; Weber et al.,
1998) und GPS-Werten (ca. 21-30 %) (Hewitt et al, 2009; Martinez-Lagunas
et al., 2010) aus FrauenfuBball-Wettkampfspielen.

Magliche Grinde hierflr sind: Geschlecht, Anthropometrie, Kondition, Spielni-
veau und Motivation der Probanden, Spielbedingungen, methodische Unter-
schiede sowie Beeintrachtigung durch die Messapparaturen. Obwohl diese Art
von Untersuchung sehr aufwendig ist, sollte eine Verifizierung der Daten mit
Hilfe einer grokeren Anzahl von Probanden und Spielen auf unterschiedlichen
Weittbewerbniveaus durchgefuhrt werden. Dadurch warde emrmaglicht, die phy-
siologischen Beanspruchungen im Frauenfuball fur eine groke Breite und im
Detail besser aufzuklaren sowie mogliche konditionelle Entwicklungspotenziale
aufzuzeigen und abzuleiten.
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Validity of the Yo-Yo Intermittent Recovery Test Level 1
for Direct Measurement or Indirect Estimation
of Maximal Oxygen Uptake in Female Soccer Players

Vanessa Martinez-Lagunas and Ulrich Hartmann

Purpose: To evaluate the validity of the Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) for the direct assessment and the
indirect estimation of maximal oxygen consumption {VOzme) in female soccer players compared with a maximal laboratory
treadmill test (LTT). Methods: Eighteen female soccer plavers (21.5 £ 34y, 1656 2 7.5 cm, 63.3 £ 7.4 kg, mean £ SD) com-
pleted an LTT and a YYIR I in random order (1 wk apart). Their VOy,, was directly measured via portable spirometry during
both tests and indirectly estimated from a published non-gender-specific formula (YYIR1-F1). Resulis: The measurad Vm,
values in LTT and YYIR ] were 550+ 5.3 and 49.9 + 4 9 mL - kg - min-', respectively, while the estimated VO, values from
YYIRI-F1 comesponded to 43.2 £ 3.4 ml - ke' - min™. Laree positive correlations between the Ve, values from YYTR 1
and LTT (r= 83, P < 001, 9%0% confidence interval = .64-92) and YYIR1-FI and LTT (r = .67, P = .002, .37-.84) were found.
However, the YYIR 1 significantly underestimated players” Vi zme, by ©.4% compared with LTT (P < .001) with Bland-Alman
93% limits of agreement ranging from —20.05% to 1 4%. A significant underestimation from the YYIR1-F1 (P < .001) was also
identified (17.8% with Bland-Altman 95% limits of agreement ranging from —31.8% to -3.8%). Coaclusions: The YYIR] and
YYIRI-FI are not accurate methods for the direct assessment or indirect estimation of V0, in female soccer players. The

YYIRI1-FI lacks gender specificity, which might have been the reason for its larger efror.

Kevwords: women's football, aerobic endurance, field test, prediction, gold standard

Soccer is an intermittent team sport that places high aerobic
demands on both male!= and female®# players. Thus, the deter-
mination of players” maximal oxygen uptake (Vames), the most
commonly used objective measure of aerobic fitness,” may be of
interest to the soccer community. In addition, a high Ve, has been
shown to enhance recovery from high-intensity intermitient exer-
cise ® which may be helpful in soccer due to its intermittent nature.

There are, however, a few differences regarding V0,0, research
findings between male and female soccer players that should be
highlighted. For instance, it has been suggested that VOsme. could be
important for male plavers because it may be positively associated
with their team performance in an alite soccer league.” although the
results of that study might have been misinterpreted by its authors
due to a weak study design and a small team sample size. To our
knowledge, there are currently no published repors in this regard
specific to female soccer players. Furthermore, the amount of total
distance that male players cover during a game is positively related
10 Vb, * In contrast, a positive association between total distance
covered during a game and VO, could not be demonstrated among
female soccer players.” The amount of high-intensity running is
considerad a more precise measure of physical performance during
men’s®? and women's* soccer matches than the total distance cov-
ered. Thus, it seems that aerobic power in female players is more
important than in their male counterparts because V0O, has been
found to be positively correlated to the amount of high-intensity
running during elite women’s soccer games,® whereas no such
relationship was identified during elite men’s soccer match play ®

The authors are with the Faculty of Sports Science. University of Leipzig,
Leipzig, Germany. Address author cormespondence to Vanessa Martinez-
Lagunas at lagunas @uni-leiprig.de.
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Currently, the gold standard for determining Vi:mae in soccer
players consists of maximal laboratory testing on a treadmill. ™
MNevertheless, its implementation is expensive (due to costly facil-
ity, aquipment, and expertise requirements) and time consuming
(especially for testing large squads). For these reasons, alternative
field tests that allow a proxy assessment (estimation) of V0o,
have been developed.™!12 These tests usually require minimal
equipment and expertise. They can be conducted in a field setting
(outside laboratory facilities) and allow for simultaneous testing of
several athletes at a time, making their implementation very attrac-
tive for diverse users.

One of these field tests is the Yo- Yo Intermittent Recovery Test
Level 1 {YYIR1), which has gained large popularity in the soccer
community due to its specificity and practicality.” Its main purpose
is to evaluate players” ability to perform repeated intense exercise
according to test performance (ie, total distance coverad).5? In
addition, it may also offer an alternative to estimate VO, basad
on a prediction equation published by Bangsbo et al.” Nonetheless,
that formula has not been validated separately for either gender
yet, and the authors did not specify in their report the gender and
phiysical characteristics of the 141 subjects from whom this predic-
tion equation was derived. Those anthors confirmed later by e-mail
comespondence that the majority of their subjects were male players
(=00 ). Thus, it is still unknown if this formula will yield accurate
results to predict ViOqpm,, of female soccer players. [t has been shown
that gender-distinct prediction equations provide a more accurate
estimation of Wi0,p,, when a similar field test (20-m shottle-mn test)
is used.™ but to date no gender-specific equation has been proposad
to predict VO, from YYIRI performance.

It should also be noted that up to now no study has simultane-
ously evaluated whether VO, can be accurately assessed (via
portable spirometry ) or estimated (through an indirect formula based
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on distance coverad) during the YYIR 1. Therefore, a comparison of
both direct and indirect V.., values obtained during the YYIR1
with direct VIO, p,, measurements obtained during laboratory testing
(zold standard) is still lacking.

The aim of the current study was to evaluate the validity of the
YYIRI for the direct assessment (via portable spirometry) and the
indirect estimation of Y0y, (from a non-gender-specific formula
recommended by Bangsbo et al”) in female soccer players in com-
parison with a maximal laboratory treadmill test (LTT).

Methods

Subjects

Eighteen female soccer plavers (2153 £ 34 v, 1656 = 7.5 cm, 63.3
+ 7.4 kg; mean = SD) competing in the Second German National
League participated in this study. This investigation conformed to
the standards set by the Declaration of Helsinki’s ethical principles
for research involving humans. All participating players completed
a medical screening questionnaire and signed a written informed-
consent form after receiving verbal and written explanation of the
study procedures and its potential risks. All athletes were in good
health and free of injuries at the time of esting.

Design

A cross-sectional study design was used to determing the validity
of the Y YIR 1 for the direct assessment and the indirect estimation
of VO, in female soocer players compared with a maximal LTT
{zold standard).

General Procedures

Players completed an LTT and a YYIR] in random order and on
different davs separated by 1 week during the second half of their
competitive season. Players” Vi0bmg, was directly measured during
both tests using the same portable spirometry system (MetaMax3B,
Cortex Biophvsik, Leipriz, Germany). Vogler et al'™ reported that
the validity of this system was satisfactory compared with the cri-
terion values, although it slightly overestimated VO, by 3% to 4%,
Its reliability was excellent, showing typical errors of only 2% to
3614 Before each test, proper pressure, volume, and gas calibra-
tions were conducted according to the manufacturer's guidelines.

Players performed both tests under similar temperature (LTT
2400C = 1.5°C and YYIR1 22.2°C = 1.2°C) and pressure (LTT
751 £ 5 mm Hg and YYIR1 751 £ 2 mm Hg) conditions, as well
as time of the day (between 3 and 8 PM). They were instructed
to keep their dietary habits as constant as possible and to avoid
strenuous physical activity before each test (ie, at least 48 h afier a
came and no or only light training 24 h before testing). In addition,
we asked players to avoid large meals for at least 2 hours and the
consumplion of beverages conlaining caffeine for at least 8 hours
before each testing session. Participants were verbally encouraged
to give their maximal effort during each test.

Spirometry data were collected breath by breath throughout
the full duraticn of each test and exportad into 5-second intervals.
Individual VO, was defined as the average of the highest VO,
value closest to the end of each test and the VO, values before
and after it. Furthermore, at least 2 of the following criteria had to
be met: a VO, platean (=2.1 mL - kg-' - min-') despite increasing
speed, a respiratory-exchange ratio =1.15, an attainment of =95%
age-predicted maximal heart rate (220 — age), andfor a peak blood
lactate concentration of =8 mmol/L after maximal testing.
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Heart rate (HR) was continuously monitored every 5 seconds
with a heart-rate monitor (Polar Team,? Polar Electro Oy, Kempele,
Finland) during both tests. Individual maximal heart rate (HE )
was defined as the highest value reached in a 3-second period toward
the end of each test. Blood samples were taken from the earlobe at
rest, after the warm-up period, and 1,3, 5,7, 10, and 12 minutes after
each test. Blood samples were collected in 20-ul capillary tubes
and immediately inserted into prefilled reaction tubes containing
a lysing stabilizing agent. Blood lactate concentration was deter-
mined using the Biosen 5-Line lactate analyzer (EKF-Diagnostic,
Barleben, Germany). Todal test duration, distance coverad, maximal
velocity achieved, V.o, HR . and maximal posttest blood
lactate concentration were documented for each test.

Players” Vs, (mL - kg-' - min-") was also indirectly estimated
from their distance coverad in the YYIR] using the non-gender-
specific formula recommended by Bangsbo et al” (YYIR1-F1):

Wi, = YYIR] distance (m) = (LO0ES + 36.40

Test Protocols

Maximal Laboratory Treadmill Tesf. The maximal LTT was
performed under laboratory conditions on a motorized treadmill
(Bari-Mill, Woodway, Weil am Rhein, Germany) with an inclination
of 1%. After a 10-minute warm-up pericd at  km', the tast began
at 12 km'h. Subsequently, the speed was increased by 1 km'h every
30 seconds until the player reached volitional exhaustion. This
exhaustive incremental test protocol was slightly modified from the
one used by Kmustrup et al® and meets common YO, assessment-
protocol characteristics that have been stated elsewhere. s

Yo-Yo Intermitient Recovery Test Level 1. The YYIR] was
conducted indoors on a wooden sports floor according to established
procedures =¥ After completing a standardized warm-up for 10
minutes, the players performed the YYIRL, which consisted of
2 ® 20-m shuttle mns at progressively increasing speeds with a
10-second active recovery period between runs. The YYIR 1 started
ata spead of 10kmvh. The speed was then increased by 2and | km/h
for the next 2 speed levels, respectively. Thereafier, the spead was
increasad by 0.5 km'h until the participants twice failed to reach
the markers of the test course in time or felt unable to complete
another shuttle ran at the dictated speed. A table with a more detailed
description of the YYTR1 protocol can be found elsewhere, '

All players were experienced with the Y'YIR1 protocol because
they had been exposed to it before as part of their team’s regular
fitness-testing sessions. They were not familiar with the LTT pro-
tocol but had previous intense treadmill-running experience. Fur-
thermore, the investigators explained the LTT and YYIR protocols
to the players before the start of each test.

Statistical Analysis

Descriptive statistics are presented as mean = 5D (range) unless
otherwise indicated. Data were checked graphically (histograms and
boxplots) and statistically (Shapiro-Wilk test) for normality. Pearson
product-moment correlations, paired ! tests, and linear-regression
analysis were conducted for data analysis. The following criteria
were used 1o classify the magnitudes of correlation: < .1 trivial, r
=.1to .3 small, r = .3 to 5 moderate, and r > .5 large.’” The 90%
confidence intervals of the reponted correlations were calculated. In
addition, Bland-Altman 93% limits of agreement were calculated
and plotted to examine individual differences between the estimated
and measurad VO,p,, values according o Known procedures.'®
Statistical significance was set at P« 05, Data were analyzed using



Excel 200100 Microsoft Corp, Redmond, WA, USA) and IEM SP55
Statistics Version 19 (IBM Corp, Armonk, NY, USA).

Results

Table | shows relevant test results from the YYIRI and LTT.
Although the total duration, distance coverad, and maximal veloc-
ity attained during both tests are dissimilar due to their specific
protocels, the players attained comparable HRE o, and maximal
posttest blood lactate concentration in both tests, with no statistically
significant differences detected (P > 84 and P = 24, respectively).
Table 2 reveals large comrelation coefficients between the mea-
sured V0o, inYYIRI and LTT (P < .001) and between Y YIR1-F1
and the measurad Vo, in LTT (P = .002). In general, the mea-
sured and estimated Vg, values obtained in Y YIR] were lower
than those obtained in LTT (Table 2). Bland-Altman plots with
their corresponding 95% limits of agreement display considerable
discrepancy and a significant VO, mean difference (P < .001)
between measured VO, in YYIR] and LTT (Figure 1[A]) and
between estimated VOsg,, from YYIR1-F1 and measured Vs,
in LTT (Fizure 1[B]). The individual relationship between distance
covered in YYIR1 and the VO, measured in LTT is illustrated in
Figure 2. which also includes the regression lines and equations of
YYIRI-FI {published non-render-specific formula from Bangsbo et
al®y and YYIR 1-F2 (a new gender-specific formula derived through
linear-regression analysis from the data of this study):

Wiy, = YYIRI distance (m) = (L0088 + 45.73

Players with a similar WO, showed a large variation in distance
covered during the YYIR 1 {refer to Figure 2).

Discussion
The primary objective of the current study was to evaluate the valid-

ity of the YYIR in assessing or estimating V0., among female
soccer players compared with an LTT. To our knowledge, no other

Accuracy of the YYIR1 for Datermining VOum, 827
study has previously included direct VO, measurement during
the YYIR 1. Most studies have mainly evaluated the correlation
coefficient (r) between Y'Y IR | performance (distance covered) and
Vi hmey assessed during laboratory testing, 5 which iz not enough
to demonstrate the validity of the YYIR1 to predict VO,..,."* For
example, Krustrup et al® found a positive significant association (r
= 55 P = 14) between YYIR] performance and VO, among
female soccer players but did not report its comesponding linear-
regression equation. The results of the current study showed that
the YYIR1 did not provide an accurate measurement or prediction
of VO, (from YYIR1-FI1) despite large correlation coefficients
between the obtained YO, values (r = .67-83, P < (003). The
YYIRI significantly underestimated measured VOhme, by 9.4% com-
pared with the LTT, with Bland-Altman 95% limits of agresment
ranging from —20.05 to 1 4%, while the prediction from Y YR [-F1
underestimated V.., values by 17.8%, with Bland- Altman 95%
limits of agreement ranging from —31.8% to —3.8%.

Possible reasons that may explain these findings include the
intermittent nature of the test and longer test duration, as well as
the skill and energy cost associated with the constant changes of
direction required in the YYIR1 compared with LTT.'5" The fact
that YYIR 1-F1 iz a non-gender-specific formula for VObmes predic-
tion based on YYIR | performance may also play a role in justifving
these findings. It has been shown that gender-distinet prediction
equations provide a more accurate estimation of V..., which
may be basically due to the physical and physiological differences
that exist between men and women.'? Moreover, the strength of the
relationship between YYIR | performance and laboratory-assessad
Vi, has been found to be lower in female players (r = 55, P
< 03 and r = .67, P = 002 in the corrent study) compared with
their male counterparts (r= 71, P« 05).% Thus, it seams logical to
speculate that the slope and constant of the VO, prediction basad
onY YIRI performance should be specific to plaver gender to mini-
mize its prediction error. Consequently, the gender-specific egua-
tion derived from the data of our study sample (YYIR1-F2) might
provide a more accurate VO, prediction fior female soccer players
than the non-gender-specific equation (Y YIRI-F1) from Bangsbo

Table 1 Comparison of Test Results Between YYIR1 and LTT, Mean + SD (Range), N =18

Test Duration {min) Distance (m) Maximal velocity (kmh)  HRpg (beats/min)  Posttest Lay,, (mmellL)
YYIRI 85 +3.2(4.2-16.6) 1061 + 399 (520-2080) 152 0.7 (14.5-17.0% 190 £+ T (179-204) 10,2+ 2544149
LTT 27 x04(2.0-3.T) 628 + 106 (450-928) 16.1 £ 0.8 (15.0-18.0) 190 + & (182-202) 108 = 2.1 {7.1-14.6)

Abbreviations: HR,,,, maximal heart rate; LTT, maximal laboratory treadmill test; La_,. maximal blood kactate concentration; Y YIR 1, Yo- o Intermitient Recovery Test

Lavel 1.

Table 2 Measured and Estimated VO, .. From YYIR1 and LTT, Mean + SD (Range), N =18

Test pair Maximal cocygen consumption (mL - kg - min-") r (207 confidence intarval) SEE (mlL - kg - min-")
YYIR] 409 £ 4.9(41.0-573) B3 (64-02) 30

LTT 550 £ 5.3 (45.9-67.1)

YYIR1-FI1 45.2 £ 3.4 (40.8-53.9p BT (L 37-B4) 4.0

LTT same as above

Abbreviations: LTT, maximal laboratory treadmill test; r, Pearson product-moment comrelation coefficient; SEE, standard error of the estimate; Y YIR 1. Yo- Yo Intermitient

Recovery Test Level 1.
= Via estimation formula recommended by Bangsbo et al
=P < 00l P = 002
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consumption; Y YIR1, Yo-Yo Inermittent Recovery Test Leval 1; YYIRI-FI, V1. -estimation formula recommended by Bangsbo et al.? *Significant

at P 001,

et al.* However, this equation still needs to be cross-validated with
independent samples in future studies. To our knowledge, this is
to date the first gender-specific equation that has been proposad o
predict ViOy,, from Y YTR I performance. Field tests with a continu-
oS exercise protocol, such as the Cooper 1 2-minute-mn test,' the
20-m shuttle-run test,'? or the Yo-Yo Endurance Test, ' might also
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be better alternatives than the YYIR1 to predict VO zze in female
soocer plavers. Nonetheless, further research is required in this area.

The relevance of Vime determination in soccer has been
mainly questioned due to the lack of association betwesn Wi,
and the amount of high-intensity mnning performed during match
play in male soccer players. ' However, a positive correlation
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Figure 2 — Individual relationship between distance covered in the Yo-Yo Intermittent Recovery Test Level 1 (YYIR1) and measured oxygen consump-
tion {Wne ) during the maximal laboratory treadmill test (LTT). This figure also shows the regression lines of the Viim,-estimation formuola derived
from the data of our study sample (Y YIR 1-F2, solid line) and the formula recommended by Bangsbo et al” (Y YIR1-F1, broken line). The vertical lines
indicate the variation of the distance covered in YYIR1 {920-1400 m) for a given ¥(Oy,., of 56 mL - kg~! - min-'. Abbreviations: r, Pearson product—
moment correlation coefficient; 2, coefficient of determination; SEE. standard error of the estimate.

between these 2 variables has been documented among female
soccer players (r = 81, P < (001}),7 which may indirectly support
a higher relevance of Vg, determination in this population. In
ceneral, although YOomex: cannot be considered the single best
indicator of soccer-specific physical performance, it may be useful
to compare soccer plavers with different populations of athletes in
relation to their general aerobic endurance.® Moreover, Vg,
may alzo help differentiate elite and subelite players and teams and
players of various playing positions™"% and to detect large changes
in fitness status as a result of specific training regimens (eg, after
preseason training ), 22

It should be noted that VO, is not the only physiological
determinant of endurance performance; other factors such as lac-
tate threshold, mnning economy, and morphological components
(eg, muscle capillary density, muscle fiber type, etc) also play an
important role. =2 This argument is also supported by our study
findings depicted in Figure 2, which show that players with a similar
Vo, (eg, 56 mL - kg - min-') achieved very different perfor-
mance levels in the Y Y TR 1 (9201400}, Thus, individual differences
in other physiological factors such as those just mentionad may
explain this large individual performance variation in the YYIR1
at a given Vzme,.

The mean measurad (LTT 535.0mL - kg - min-, YYIR] 49.9
mL - kg ' - min")yand estimated (YYTR1-F1 45.2 mL - kg - min"}
Vo, values of our female soccer player sample can be placed
within the upper range of the ¥y, values that have been reported
in the literature for other female soccer players (38.6-57.6 mL -
kg - min-').2+ However, the mean YYIR] distance covered by
our study participants (1051 m) is lower than the reported YYIR 1
performance for top-elite (1600 m), moderate-elite 1360 m), and
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subelite (1 160 m) female soccer players.? Our YYIR 1 performance
data are also lower than those of first-division Danish female soccer
plavers (1379 m).? The relatively high VO, values of our study
participants may indicate that they possess well-developed general
aerobic endurance. Yet, their soccer-specific endurance still needs
improvement, as evidenced by the low mean total distance they
achieved during the YYIRI. The comparable HE . and posttest
maximal blood lactate attained by the participating players in both
the LTT and the YYIR1 show that they gave their maximal effort
during both tests before reaching volitional fatigue.

Despite the lack of precision of the YYIR I to accurately assess
or estimate V0., in female soccer plavers, the test can be usad
for other purposes in women's soccer. For instance, the fact that
the study participants achieved identical mean HR ., values during
the YYIRI and LTT suggests that the YYIR] can be employed to
determine HE. ., among female soccer players in a practical and
inex pensive way. Other investigations have reported similar findings
in male participants® In addition, the YYIR] could also provide
a good indication of physical match performance among female
plavers, because it is closely related to the amount of high-intensity
running coverad during match play.® It may also provide a more
sensitive measure of soccer-specific physical performance based on
plavers’ standard of play. ' The Y YIRI performance differences
among female soccer players of various competitive levels men-
ticned in the previous paragraph also support this possibility. For
example, Danish players of the first division studied by Krustrup et
al* outperformed our study participants (German second-division
plavers) by almost 24% in this test, despite the fact that on average
our players had a 104 higher laboratory-assessed VO, than the
Danish players (although methodological differences in assessing
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V0o, between the 2 studies might have also contributed to this
discrepancy). Thus, the YYIR | can also be useful for talent identi-
fication and selection in WoMmMen's SOCCET.

We acknowladoe that there are a few limitations associated with
the current study. For instance, our sample size was limited due to
the time-consuming and labor-intensive nature of our methodology
and the difficulty of recruiting large numbers of players for this
imvestigation. Thus, reneralization of our findings to other groups
of players should be made with caution. The fact that we used a
short and intense incremental treadmill protocol for the assess-
ment of Vi, (LTT), in which the average total test duration was
just below 3 minutes (although it was preceded by a standardized
10-min warm-up supporting the adaptation of VOs Kinetics), could
also be potentially seen as a study limitation. Earlier, a test dura-
tion of at least 8 minutes was recommended for accurate Viamax
determination.® However, more recent studies (that employed an
exhaustive incremental protocol similar to the one used in the current
investigation) sugeest that a test duration of 3 to 5 minutes might
be sufficient to elicit real Vi, .>1% Nonetheless, there is still the
possibility that some of the players in this study did not reach their
real Vzpg, bt instead only a VOqp,, during the LTT. Thus, this
could mean that the magnitude of the underestimation we found
through the YYIR1 and YYIR1-FI comparad with the LTT could
be potentially larger than the one reported in this study.

Practical Applications

The most accurate way to assess Vil in female soccer players
is through maximal laboratory treadmill testing. The Y YIR1 is not
an accurate test for the direct assessment (via portable spirometry)
or indirsct estimation of VOyy,, (from a non-gender-specific for-
mula, YYIR1-F1% in female soccer players. Therefore, we do not
recommend the use of the YYIR1 or YYIR I-F1 for either purpose.

Conclusions

In conclusion, although the direct and indirect VO, values were
significantly related. the Y YIR | significantly underestimated VO;m,.
in female soccer players compared with LTT (the gold standard).
The averaze VO, underestimation of the indirect method using
YYIRI-FI* (non-gender-specific formula) was about twice as
much than that of the direct assessment via portable spirometry in
YYIRI {17.B% vs 9.4%, respectively) with overall Bland- Altman
03%% limits of agreement ranging from —31.8%: to 1. 4%, The lack of
render specificity of Y'YIR1-F1? might have been the reason for its
larger error. The gender-specific estimation formula derived from
the data of our study sample (Y YIR1-F2) might be more appropri-
ate to estimate VOome, among female soccer players. However, this
must be evaluated in future studies.
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Abstract

The number of scientific invetigations on women's footall specific to the topics of player characteristics and demands of the game has
considerably increased inrecent years due to the increased popularity of the women's game worldwide, although ey are not yet as numerous as
in the case of men's foothall. To date, only two scientific publications have agempted to neview the main findings of studies published in this
area. However, one of them was published about 20 years ago, when women's foodyall was still inits infancy and there were only a few studies to
repaont on. The other review was mome necent. Monetheless, its main focus was on the game and raining demands of senior elite female players.
Thus, information on female foothallers of lower competitive levels and youn ger age groups was not included. Conseguently, an updated review
s moeded in this area The present anticle therefore aims to provide an overview of a series of studies that have been published so far on the
specific characterigics of female foothall players and te demands of mach-play. Mean valwes reponted inthe lierature for age | 1227 years),
body height (155—174 cm), body mass (48—72 kg), percent body fat (13 %—29%), maximal oxygen uptake (45.1-55.5 mL&kg/min), Yo-Yo
Intermitent Rocovery Test Level | (7TB0—1379 m), maximum heant rae | 189=202 bpm), 30 m sprint times (4.34—4.96 =), and counter-
movement jump or ventical jump (2850 cm) vary mostly acoording to the players’ competitive level and positional role. There are also
spme special consideratons that coaches and other practitioners should be aware of when working with female athletes such as the menstneal
cycle, potential pregnancy and lactation, common injury risks { particularly knee and head injuries) and health concerns (e.g., female athlete triad,
iron deficiency, and anemia) tat may affect players’ foothall performance, health or retum to play. Reponed mean valwes for otal distance
coversd (413 km), distance covered at high-speed (0L2—1.7 km), average/peak hean rawe { T4%—879%94% —99 % HR__, ), average/peak oxygen
upitake {5 2%—TTH6% —98% Ve, and blood lactae (2.2 ~7.3 mmol/L) during women's foothall match-play vary acconding to the players'
competitive level and positional mole. Metodolo gical differences may account for the discrepancy of the reported values as well. Finally, this
review also aims to identify liemure gaps that require further scientific research in women's foothall and to derive a few practical recom-
mendations. The information presented in this repon provides an objective point of reference about player characieristics and game demands at
sanous levels of women's foothall, which can help coaches and sport scientists to design more effective training programs and science-hased
araegics for the further improvement of players’ foothall performance, health, game standands, and positive image of this sport.

Copyright © 2014, Shanghai University of Spont. Production and hosting by Elsevier B.V. All rights reserved.

Eeywords: Female soocer players; Match-play requirements; Physical and physiological profiles

1. Introduction de Foothall Association (FIFA) president, that reflects the
rising populanty of the women's game around the world and

“The future of foothall is feminine”, is the famous decls-  highlights the clear objective of FIFA to continue supporting
mtion of Joseph §. Blatter, current Fédération Intemationale  its growth.' Currently, about 29 million women play foothall,
which cormesponds to nearly 105 of the total number of male

Trrl:wmding author. Initute of Movement and Training Science, Uni- and female footballers worldwide. ™ 'I:hc number of mﬁh‘m
[ Comegending s st o Mover female players (at the youth and senior level) grew by over

E-mail address: bagunasibuni-leipeig.de (V. Martinez-Lagunas) 50% i_'“ a:";ﬁl compared to the Prclri.um T':I-FA Big Cu:'{'-'t in
Peer review under responsibility of Shanghsi University af Sport 2000, Additionally, the number of international competitions,
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Waomen's focthall

professional and recreational leagues for female players of
various age groups has considerably increased in recent vears,
This has given a large number of female footballers the op-
portunity to tmin and compete in professional environments,
which at the sume time has raised the performance expecta-
tions placed upon players and increased the need for specific
scientific research that could help improve their perdformance.

Despite the increased popularity and professionalization of
women's foothall around the world, there is still limited sci-
entific research specific to female plavers compared to their
male counterparts, especially in the areas of players” physical
and physiological chamectenstcs and game demands. For
instance, in the case of men”s football, there are numemus full-
text peer-reviewed studies that have been published on these
topics including plavers of several nationalities, competitive
levels, apge groups, and playing positions. Additionallv, several
comprehensive literature reviews have been published in order
to discuss and summarize the findings of a large number of
studies in this area*

In women's football, on the other hand, only one journal
review article dealing speci fically with the applied physiology
of female soccer (football) players was found in the present
literature review.'” This review anticle was published about 20
years agn, when women's football was still in its infancy and
there were only a few published studies to report on. More
recently, a book chapter with specific focus in reviewing the
game and traiming demands of senior elite female foothall
players has been published. ™ However, information on female
foothall plavers of lower competitive levels and younger age
groups was not included. The number of scientific publications
specific to player charactenstics amd game demands in
women's football has noticeably grown since then including
information of players of several nationalities, competitive
levels, age groups, and playing positions,”™ ™ Consequently,
an updated review is needed in this area.

Thenzfore, the purposes of the present hterature review are:
1) to provide an overview of a sefes of studies that have been
published =0 far on the specific characteristes of female
foothallers and the demands of match-play: 2 to identify
areas/topics that requine further scientific research 1n women's
foothall; and 3) to derive a few practical recommendations
from the mformation gathered in this review. Knowledge and
undemstanding of this information can help coaches and sport
scientists o design more effective trmmng programs and
science-hased strategies for the further improvement of
players” foothall performance, health, game standards, amd

positive image of the women's game.
2. Player characteristics

Several investigations specific to female foothall plavers of
various nationalities, competitive levels, and positional roles
have reported on their age, anthmpometry, physiological, and
physical attributes {Tables 1 and 2). However, they are still not
nearly as numerous as in the case of scienti fic reports on male
foothall players. Furthermore, several studies have highlighted
the main physical and physiological differences that exists
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betwesn the mil.’t:]’!i{'?_{ﬁ and a few considerations that are
characteristics only of females, and thersfore, not present in
their male counterparts, such as the menstnul cle, ™ 7F
potential pregrancy and lactation,™™ injury risks,”" " and
health concerns.™ ™ These reparts also emphasized how these
tmits could affect players” foothall performance, health or
their retum to play. Hence, coaches of female players should
be well educated on these topics.

2.1 Age and anthropometry

The age and body height of elite fermale foothall players
competing at most recent FIFA Women's Word Cup (Ger-
many 2011) have been recently reported.™ The average age
for all 16 participating teams was approximately 25 vears
(range: 21—28 years). The average age of the top four most
successful teams in this tournament (Japan, US A, Sweden, and
Frunce) was in the upper range of 26—28 years. The youngest
and oldest players of this toumament were a midfielder (16
years) and a goal keeper (38 vears), respectively. In agreement
with other reports on male football players,'" female goal-
keepers also seem to have longer careers than the field players.
Some explanatory reasons for this may include that experience
plavs a crocial role for the goalkeeping position, that goal-
keepers are less wvulnerable to injuries, and that the game
overall physical demands placed vpon them are lower
compared to those of the field players ™" In terms of body
height values mported from the FIFA Women's World Cup
Germany 2011, the average height of all teams was 168 cm.
The tallest team was Germany (173 cm) and the shorest Japan
(163 cm). The tallest individual player was 187 cm (a centml
defender) and the shortest 152 cm (a midfielder). Three of the
four semi-finalists were among the tallest teamns in the tour-
nament (USA, Sweden, and France). However, world cham-
pion Japan was the shortest team of the tournament.
Goalkeepers (mean height 172 cm and range 162—185 cm)
were slightly taller than the field players ™

The mean valves of age (12—27 years), body height
(155—174 cm), body mass (48—72 kg), and percent body fat
(135%—2%% ) reported in other publcations for female plavers
vary according to their nationality, competitive level, and
positonal role (Table 13, In the case of percent body fat, the
type of measurement method used may also account for the
discrepancies among the reported values. In men's football, 1t
has besn shown that there mav be anthropometric pre-
dispositions for some positional roles (such as poalkesping,
central defense, and attack), with tall players having a certain
competitive advantage and, therefore, being selected to play
these roles.” A few studies also show that female poalkespers
tend to  be taller and  heavier than  the  field
players™ T ASEE (Tuhle 1) However, most of these
stdies have used a geneml categorization of playing positions
(only goalkespers, defenders, midfielders, and forwards),
Thus, it is still unknown if there are anthropometrical differ-
ences among more specific positional roles (e.g, goalkespes
(GK), central and external defenders (CD, ED), centrml and
external midfielders (CM, EM), and forwards (F)). Further
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Thle 1
Summary of studies reporting on age and andropame ric characteristics of female foothall players.
Stuchy Cemmiry Levelfn Age BH BM BF
Posidgonh ({year) {cm) (kgd (%)
Almagia Flores e al*” Chile U3 WNTI % 181407 1592 4+ 50 597 4+ 64 2901427
Uni eam/17 L5 19 1626 =+ 50 621 B8  2R44 41"
Anderszon etal ! Sweden 121 24349 1700 & 002 629 = 49
Andersson et al " Sweslen/Marway 1¥17
Active group’s 226442 1671 £57 633 4 7.1
Pxmsive goup/ Jl6+26 1672 +47 6500 + 4.6
Andersson et al M Sweden/Denmark  11¥17 2.0+ L0 1682 £ 15 610 + 1.4
Barhero-Alvarex e1 2l Spain Youth players/12 121409 155464 484 + 9.2
Bunc and Paotia™ Crech Republic 11v14 2534+ 48 1650 + 0] 645 +99 149457
Can et al*® Turkey 1I¥17 07 & 21 1624 4+ 58 566 4 50 198407
Calgquhoamn and Chad'® Aunsralia Natioml and s level 10 244445 1581 + 57 554 65 20E+AT
Coak™ England 10v8 22026 1624 (L] 612 4 4.1
Dl Canda WNT/Z2 246 1662 612 2L
GE2 45 1740 724 29
ful 240 I67.5 ST 214
MY 4T 647 505 205
Fi5 254 T&4T &1.0 27
Davis and Brewer™ England WNT/14
Pre-training 245+ 36 1660 + 6l 608 & 52 215+ 34
Past-mraining 254437 1660 + 45 596 4 52  2L1£27
fafter 12 memiths)
Dillern et 2™ Marway 332 174+ 24
GKS 1647 4+ @l 656 & 51
Tl 1678 + 0 615 & 49
M 1544 4 @l 560 + &3
Frio 168D + @l 5RO 4+ 70
Ciabhett and Mubey™ Ausralia WNT/13 210+ 20
Cximes Léper and Spain Senior club team/T 226439 1640 + 06 595 4 8.1
Barriopedro Marg ™ =17 chub teamf15 166+ 12 1600 + 06 577 & 9.4
Ciimer Lipes et al’? Spain 1117 chub team1] 166+ 1.2 1600 = ikl 517 4+ 96 168174
Cireen otal.™' LUSA Uni leveli® 2014 L5 1656 & 60 628 & 7.3
Hougen et al ™ Marway WNT/ 76 228435 1690 £ 55 632 & 5.5
1L¥53 L1435 1670 &+ 50 66 & 5.9
el M09 +34 — 614 + Bé
INTA 17.1 4+ L1 1480 + 53 612 + 49
Tmiars/17 1754+ L7 1480 + 7.1 627 + 8.3
GEAT bk 52 IR kAl BED = i
Fats ¥ 2234 34 600 & 52 BT 4
MyE2 223443 60D+ 59 620 4 56
Fiar kAT 6RO £ 52 620 & & T
Fougen et al ™ Marway WNT/ES 235+ 36 637 & 5.2
1TvaT 212+ 34 624 + 6.6
22 223+ 4.8 -
Tmior elie33 181+ 249 617 + 5.9
GEAT A+ A7 673 & dé
63 I ET N 619+ 57
M2 I ETE 615 & dé
Fis2 219+ 18 H4T kAT
Hewin et al '” Ansiralis WHNT/1S 235425 1700 & 05 649 =+ 4.4
e M3+ L0 1690+ 02 632 + 08
MS 234+ 38 IFOF £ 03 631 £ 27
Fra 229+ a8 I7LT+ 08 LI+ 17
Ingetwigisen i al ™ Marway 10 & 2% 2B+ 3T 1660 + 50 607 + 6.6
GEA 1687 & 75 555 4 72
o 1686 4 53 625 & 7.3
M 1653 & do 613 4 73
Fig 1636 4 42 SEd & 52
Jenzen aned Larssen ™ Denmark WNT/ 10 23.0 16940 632 Pre: 223
Pas: 2011
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Tahle | {conrmued )
Smcly Country Levelin Age BH BM BF
Positionm {year) {em) (kg (%)
Krusirup et al Denmark 10714 24.0 16701 585 146
s 2k d 165 4 @07 607 AT ISd 4 IT
M5 23+ 5 165 + oLoW A0+ 5% 25422
FH 2544 166 & G4 SETE AR AN 24
Frusing e al. ™ Denmark 1D/23 230 16941 &il.1 185
Mamon et al.'™ Mew Fealand WNT/1S 2334+ 49 1680 £ 78 64.1 4+ 54
120 WNTT 18 178407 1670+ 72 6224 7.2
117 WNTT18 1564 L0 1640 & 52 SR04 55
Martinex and Coyle™ Li%A Ui NCAA 1I¥ 1D 192 4 08 1660 = 05 63.9 4+ 4.8
Martnes-Laguns et al ™ Cermany 041 2204 40 1662 4 BE 63.0 & K1
A3 2234+27 1653 £+ 57 63.0 + A0
Martiner-Lagumas et al ™ Cermany fen Xy 2334+ 36 1647 £ 75 581445
Martiner-Lagunas ot al.™ Ceermany 2D&AIV1 21L34£29 1630 £ 72 GILD 4+ 4.6
Margner-Lapunes and Harmam™  Germany D18 2154 34 1656 £+ 75 6334 7.4
McCurdy et al'™ LS4 Uni HCAA 1IVIS L0+ LI 1650 4 20 617+ 7.7
Milamevic et al ™ Serhiz WNTIZ2 2394+ 45  16KE £+ 732 6lL4+ &0 259
Miles e al™ England Movice players/ 10 206 = 0.9 63.2 4 5.8
Portel Sararoh'” Cermany 117 State team/1§ 1524 L1 1654 4+ 70 57.7 4+ K1
Rhodes and Mosher™ Camada Ui team] 2 2013 1648 595 197 & 40
Siikvist et al'™ L5 A Uni HCAA 1TV L0+ 20 16K0 4+ 40 6L+ A5 MO IS
Sporis et al.™ Crostia 1024 181 409 1656 + 58 SEA6E 90 136442
GRS e 1725 & 7
s IZ5 1655 563 6.5
MYI2 153 164.0 560 126
Fs 174 1650 636 143
Tamer et al ™ Turkey 10422 183 4 L7
Todd et al™ England A2 226459 1634 4 59 6LE+ AT A4 3S
INT /25 223443 162K 4 59 6lL24 52 29434°
PLA34 234+ 59 1833 4 55 621+ 64 942"
RL/51 213+ a6 1639 4 &3 6le+71 /535"
G I68S + 43 GEO9E 55 MSLILF
DS 1652 + 56 627466 2 BIL2F
M 1616 + 50 RS54 50 254200
F2 1625 + 48 609+ 73 2304 06
Tumilty and Deariy ™ Australia WNTIA 231434 1645 & &l S5E54 57
Vescowi et al™? Li%A Uni NCAA 1T¥6d 1984 1.2 1684 + 59 648 4+ 59
GRAE
oezr &+ 11 [783 + 57 G+ 19
MR %4 L1 JA%E & 43 G700+ A7
FI7 200+ 13 659 4 &3 GL3 L AT
54 L1 1683 & &6 645+ 58
Vescovi et al™® USA Youth players/ 78 126 4 0.5
HE players223
Uni NCAA 1I¥I13 153 4 L
19.4 & 1.1
Vescawi L5 A Profesion] kague tryow/ 140 2394+ 28 1676 + Al 625+ &7
Vescovi and Moluigan™ L5 A HE players'53 1514 L& 16300+ 047 5464 7.9
Uni HCAA 1TW51 199 4 09 16800 + 006 A48 4 59
Wells and Reilly™ Englamd Uni players/49 1904 3.4 16400 & 008 607 £ 50
CIVIT IS7T00 & 000 626420 BEL LS
T 5200+ 008 599425 MHILI4L
MIT 15400 & 004 SR04 28 204 L4
Fr 6500+ 002 A6L7EZF MHELILP
Withen et al '™ Ausralia Representative weamy1] 221 41 1649 4+ 54 6L24 RGPt 6E

Mote: Dista are expressed as mean £ 5D, unless oterwizse ndicated
Abhbreviations: 1D = first division; 2D = second division; 30 = third division; 4D = founh division; BH = hady height, BM = bady mass; BF = hody fat
INT = imlemational; PL. = Premder League; RL = Regional League; Uni = mivesity; HS = high schoal; NCAA = Mational Callegiste Adhletic Association;
U = wnder; WNT = Women's Mational Team; INT = Junior National Team; 0K = goallkeeper(s); D = ceniral defenden(s); ED = external defenden(s);

F = Erward{s); M = madheklens); D = defenden{s).

* Meaxsured by hioelecrical impedance (BLA L

® Measured by skinfold thickness.

= Measured by hydrostatic weighting.
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Tahle 2
Summary of studies reporting on physiokgical and physical attnbuies of female foothall players.
Study Couniry Levelin Wk YYIRI HP e Aemsprinm CMEFVIE
Meafian' {milkgfmin) {m) {bpm) {5} fom
Anderszon et al.”? SwedenMorway  1DA7
Active groupls 5544 34 195 + & 305 + 1L.F
Pasive groupd 534423 199 4 & 298 + 1L.¥
Arechets et al'™ Spain 10410 451 + 6.3 189 =+ 14
Bunc and Paotta™ Crech Republic  PL/14 539+ 57 193 + &
Can =t al*® Turkey 1Da7 354 4+ 7.1¢
Colquicm and Chad' Aummalis INT & 479 + BiF 02+ 17
State level/10
Daviel™* Canadla WNTIZ2
K2 457
vé 27
M 24
FS 455
Davis and Brewer™ England WHNT/14
Pre-traiming 4844+ 47
Pewt-draining 5232 4 5.1°
{afier 12 momths)
Dillern et al™ Marway el
GRS 45T 4
v¥ir 520+ 34
ME SBE+ 55
Frio 530+ 5.0
Evangelists et al.™ Taaly D2 495+ 53
Ciabhett ane Mubey ™ Ausmalia 1043 514454
Cimex Liper et al™ Spain 117 club teamy11 4594 5 299303
Cireen 12l USA Lini level’ 33 M2+ 37
Hougen et al ™ Narway WHNT/AS 435" 307 4+ 4.1
107 447 281 + 4.1
bl B e 458 -
Jumior elitef33 448 285 + 4.1
GEAIT 445 300 + 48
Ivid 44 296 & 4.0
M2 444 284 + 30
Fs2 434 305 £ 45
Hewit et al.*” Aummalis WNTIIS 545+ 35°
Ingetrigizen et 3" Merway 1D & 20029
K3 507+ 5.0°
¥l 519+ 5.0
ME 554+ 5.7
FE 2843
Krusirup et al Dienmark 10414 EF o 1379
Forustrup et al ™ Denmark 1023 23413 486+ 006 350 + LiF
Martiner and Cayle” U5A Lini teamsf1{} 475+ 35 1121} 4 297
514p 4 497
Martines-Lagunas and Harimamnn™  Germany D8 5540 4 5.3
452 4 3.4
Martiner-Lagunas of al.™ Clermany Alv 5344 53 985 & 372
1 1 5464 5.1° 1102 4 316
403 5274548 KBS 4 399
Milarewic et al Serhia WNTIZ2
GE2 FHD 4 BS
Ougield/ 20 580 —G30
Miles et al™ England Mowice players/10} 244+ 43 ) == 11
Mujika e12. " Spain Senicn/17 1224 4 255
Jumienf 17 826 =+ 160
Portels and Saraolk™ Cermany 117 St teamyf] & 4] 4+ 259 194 4+ 10 464+ 009 352 4+ 35
v FI6 4 196 A5F+ 020 3HI2E2F
M5 I 15@ 4 151 A74 400 329 4+ 3N
Frd S0 4 322 A48+ 020 IRE+2F
Sjikvist et al'™ U5A Uni MCAA 11V]4 5394 57 1087 4 1 195+ 4 488 + 1.F

63



Wiomen s foathall 263

Tahle 2 {confmued )

Stuchy Coumtry Levelin Vi YYIR] HE,_,.. 3lem sprimt CMISVE
Posgon'n {mil kg fruxim) {mma) {hyprn) {s) {cm)

Tadd et al™ England INT/25 268 4+ 517 4624+ 035 478 + &8
PLi#A 4510 + 607 464+ 025 490 + 64
RL/S1 £+ 50F 4704035 445 + 4%
Tealf 120} ME+5E — 4756 + 58
GRS 5+ 6.0 454+ 036 498 + T8
e 534 5F dbd 4023  ATE £ 4T
M 50+ 55 45694+ 03] 466 £ A F
Fz2 #6258 A5E+ 02 492 £ AF

Vesoovi et al’? LISA Lini NCAA 11V6d BTk 5F 419 & 56
GE/R A7k 5E 409 & dF
fated] T 5T 408 + & F
MYIE 05k dE A2F & 5F
FIF Ak 54 417 & 55

Vesoavi et al’® LI5A Youh players'T8 374 + 4F
HE playersi23 387 & A0F
Ui NCAA 1I¥113 420 & 5.0F

Vesoavi and Moliuigan™ LI5A HE players83 394 + 4T
Lini NCAA 11¥51 409 + 55

Wells and Reilly™ England Uni players/49
CI¥il 37k 3T 451+ 018 354 27
Eva 57k 2T AE6 OI% 346 + 346
MI7 AED 4[5 AFd & 07 350+ 315
Fl #5317 4504+ 025 352 4 34

Mote: Dola are expresed as mean -+ 50, mless otherwise ndicated

Ahbreviations: 1D = hirst dasion; 2D = second division; 3D = thind division; 40 = foordh division; WNT = Women's Mational Team; INT = miemational;
FL = Premier League; RL = Regional League; Uni. = wniversity; HS = high school, NCAA = Natinal Collegate Athletic Asmociation; U = under;
GK = poalkeepen(s i; U0 = cemtral defender(s i; ED = extemal defenden(s); F = forwand(s); M = midfielden(s); D = defender(s); ¥ _ . = moodmal oxygen
upinke; HE_ . — manimum heant rate; YYIR] = Yoo Yo intermitent recovery fest level; CM) = commier-movement jump; V] = vertical jump.

* Measured in 2 bhoratory setting.

* Estimated from a fiell 51 or formuls.

© Mexwred 3 counieT-moyement jump.

? Messured as vertical jump.

* Sum af three 10 m segments is provided.

studies with larger sample sizes should investigate o what
extent players” anthropometrical chametenstics influence role
selection n women's foothall.

22, Physiological and physical attribures

High-levels of physical fitness provade players with the
physiological basis to cope with the physical demands of the
game and allow them to use their technical and tactical abil-
ites effectively, especially towards the end of a match when
fatigue starts to arise,™ The assessment of players' physical
capacities (e.g., aerobic and amerobic capacity, speed,
strength, and power) may give an indication of the physical
demands of a particular level of play because players have o
adapt to the requirements of the game in onder to be successful
at that level of competition.®” Mareover, it is believed that the
physical demands of the game become more pronounced as
the level of competition inereases,® Thus, foothall plavers in-
dependent of their gender need to achieve a reasonable balance
in developing these physiological and physical capacities that
15 appmopriate o the level they compete at and their positonal
mle,”

Scientific investigations on the physiological and physical
attributes of female foothallers have considerably increased in
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recent vears doe to the increased popularity of women's
foothall worldwide. However, most of the published studies
have been focused on adult elite female players of different
nationalities, who wen competing internationally with their
respective national team or at the highest women's foothall
division in their country. Therefore, information about the
physiwological and physical profiles of adult and youth female
plavers competing at lower levels of the gume is still missing.
Furthermore, only a few studies have investigated positional
differences l.'Ec::'LﬁL to .Th:'-i Ph;rw..ul condition of female foot-
ball players =SS The classification of the
plaving positons wsed in these studies has been hmited to
thres (defenders, midfielders, and forwands) or four categories
(adding the poalkespers or the full-backs). However, the
physical demands placed in the external and central positions
dunng men's amd women's match-play are considerably
different. ™ Hence, a mone detailed classification of playing
position mcluding at least six categonies (GE, CD, ED, CM,
EM, and F) may meveal significant differences in the fitness
profiles of female foothall plavers that may be missed when
only a general classification of plaving positions 15 used. This
information will allow coaches to develop individualized and
position-specific physical training programs for their plavers,
which have been proven to be more effective in improving
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players’ physical capacities " Additionally, the evaluation
of plavers” physical peformance can assist coaches in several
aspects, such as in the identification of individual physical
strengths and wealnesses, evaluation of the effectivensss of a
specific training program, seting individual and team physical
fitness standards, talent identification and development.™
Recent publications have reported on commonly used
measures of physiological and physical attributes of female
foothal | plavers of vanous groups (Table 2). The mean values
shown in this table for maxmal oxvgen uptake (VO
performance in Yo-Yo Intermittent Recovery Test Level 1
(YYTR 1), maximum heart rate (HR ., 30 m sprint time, and
counter-maovemneant jump or vertical jump (CMIVI) vary ac-
cording to the plavers” nationality, competitive level, and po-
sitional mle. On average, these plaverns achieved VO,
values that mnged from 451 to 555 mldg/min, YYTRI
sconzs of TRO—1379 m, HR,,. values of 189—202 bpm, 30 m
sprnt times of 4.34—4.96 5, and CMIV] results of 28—50 cm
(Tablz 2). The type of measurement methods used may also
account for the discrepancies among the reported values,

23 Special considerations

Due to the woddwide mereased popularity and participa-
ton mumbers in women's football, many coaches that previ-
ously only coached male plavers are now coaching female
plavers as well. When coaching female plavers these coaches
try to use the same physical training loads they used with the
men without considering the specific characteristics of female
plavers commonly due to lack of knowledge in this area.
Therefore, experienced and novice coaches who are now
wirking in women's foothall need to be aware of the main
physical and physiological di fferences that exist between the

These differences start becoming more significant at the
onset of puberty (~ 12—14 years of age) depending on mndi-
vidual and sex-specific matumtion rates.™ Before this time
period the physical differences betwesn men and women are
small and females may have a slight advantage for a short
period of time because they wsually experience their growth
spurt and sexual maturation on avemge 2 years earlier than
males, ™ Onee males enter into puberty and their testosterone
levels start to increase, the gender physical differences lean to
their favor. Thus, it is well known that in geneml females are
lighter, shorer, have a lower muscle mass, and more essential
sex-specific fat mass than their male counterparts due to
inherent biological factors that result in lower ahsolute phys-
wal capacites (eg., aewbic endurance, muscular strength,
power, speed, and ag hty) for the average woman compared to
the avernge man, " Consequently, coaches and trainers
must select appropriate tmining loads and intensities hased on
the actual physical capacities of their female players, espe-
clally if they used to work only with male athletes before,
mspecting the principles of trmmng suwh as progressive
overload, adaptation and recovery, specificity, mversibility,
and wariation. If these recommendations are observed, the
melative improvements (percent from maximum) and training
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asdaptations that women pet after participating in a well-
designed physical training program could be comparable to
those of their male counterparts engaging in a similar
J'f.':j_.p'n'r::.ﬁ?'{"'I

There are also few other considerations that are ¢haracter-
istics of females only that may affect their athletic perfor-
mance, health or return to sport participation. These include
the menstrual cyele, potential pregnancy and lactation, com-
mon imjury nsks, and health concerns. These special consid-
erations will be brefly described next with special emphasis
on scientific reports specific to female foothallers.

In terms of the menstrual cvele, ther: is scientific consensus
that in most cases athletic performance shows little change
over the different phases of the cycle, except in the small
percentage of women that experience strong pre-menstrual
discomfort or  painful menses, . MNevertheless, there are
scarce sclentific reports specific to female football players n
this area. Some authors have shown that the imury nsk n
female foothall plavers may be perhaps higher in certain
phases of the menstrual cycle than in athers.”! However, there
is still inconsistency in the results of this type of studies, and
thus, further research 15 warranted. The use of contraceptive
pills seems to alleviate some pre-menstrual symptoms such as
irritability, discomfort, or pamn in the breasts and abdomen and
to meduce the nsk of musculoskeletal mpunes, although they
may also cause some unwanted side effects.” ™ In some cases
plavers who travel, train, and compete regularly at a high-level
may also want to delay their menstrustion for better comfort
and convenience dunng these activities by using long-acting
contrmceptive pills, Nonetheless, the longtemm consequences
on players” health and fertility of such permanent practice are
still unknown, and themfore, it is cumently not recommended.
Furthermore, menstrual irmegularities (e, infrequent or absent
menses) in female foothall players may be linked o excessive
energy expenditure due o intensive training combined with
inadequate mutritonal intake, compettive and personal stress,
and low body fat, which may result in inereased nsk of low
hone density or ostenporosis, stress fractures due to suppresssd
estrogen levels, reduced performance, and impaired fertility. ™
Thus, the absence of menses should not be perceived as a
pleasant convenience, especially if the plaver has already
exnpenenced several months of missed peniods without being
pregnant. This should represent a red flag and the affected
plaver should seek immediate medical help to avoid irmevers-
ible damage in her bone health and fertility,

Although female athletes may become pregnant at some
point during their athletic carser, scientific studies on the
impact of pregnancy on exercise performance, impact of ex-
ercise upon pregnancy and lactaton (breastfeeding), trmning
recommendations/midelines during pregnancy, and recom-
mendations to meturn to sport after pregnancy for high-level
athletes are still scarce. Most of the published lterature on
these UJEI'.CH refers to the avemge or sedentary female popu-
lation ™™ but to our knowledge no scientific reports are
currently avalable specific to female football players. Several
top level female foothallers have successfully returned to
compete at the highest level after childbirth. Thus, it will be
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meanngful to identify these plavers and investigate further the
strategies they have used to succeed in this task. The infor
mation that can be gathered in this type of study will be very
useful for other female plavers interested in combining their
foothall carser with estabhishing a family and having kids.

It is also well known that female football players have a
higher risk to suffer from knee (eg., anterior cruciate ligament
{ACL) tear)™ and head injunes (.., concussion) " than their
male counterparts, Consequently, coaches and players should
be well informed about the potential risks factors and pre-
vention programs or recommendations that have been recently
developed to reduce  the modence of thess  severs
injuries.”” ™ Finally, health problems such as the female
athlete tnad (syndmme that includes three interrelated ele-
ments: low energy availabibtweating disorders, menstrual
dysfunction, and low body dem.'lty.l'uhwpdruwi.li].?: iron defi-
ciency, and anemia™ may also be common among female
foothall plavers. Thess diseases can have severe consequences
on the health, well-being, and athletic performunce of the
affected players. Therefore, more scientific reseanch should be
performed mn order to develop specific strategies/rcommen-
dations to prevent, recognize, and treat these health isspes
among female foothallers,

3 Demands of the game

Published reports on the physical and physiological de-
mands of women's football are more limited than the available
literature on female plavers” characteristics and by far scarcer
than the related ressarch specific o men's football. However,
due to the increased populanty of the women's game, several
investigations have been conducted recently in this area. These
new studies provide significant information for better under
standing the demands of the women's football game.

3.1 Physical demands

Foothall is a sport of intermittent nature that mequires
multiple and constant changes of direction munning intensity,
accelerations, and types of movements (mnmng forwards,
hackwards, lateral movements, jumps, tackles, efc.). The
specificity of tmining principle in sports science states that the
mist effectve traming 15 the one that resembles the demands
af a sport/game as close as possible. Therefors, a bmad un-
derstanding of the physical demands of women's foothall is
essental for developing spont-spect fic condittoning programs
for female football playems.

Recent technological advances (e.g., computerized video-
hased time-motion analysis systems, semi-automatic multi-
camen systems, and Global Posiboning System (GPS)) now
allow the simultaneous evaluation of the physical demands
placed vpon several or all plavers participating in a foothall
match and can be completed n a relatvely short penod of
time. ™ The pioneer work in this ares started in the late 1970
in men's football with manual video-based notational anal vsis
such as the one used in the classical study of Reilly and
Thomas.” This latter method was very lahor intensive, time
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consuming and mestricted the analysis o a single player at a
time. Since then many investigations employing a varety of
measurement methods have besn conducted relative to this
topic in men's foothall and excellem reviews 112 e
summarized their findings. In women's foothall, the ol dest
reports date back to the early 1990°%.%% More recent in-
vestigutions are now available and summarized in Table 3,
including the pioneer reports on the topic as well. 7 The
mean values shown in this table for total distance coverad
(4—13 km) and distance covered at different spesds (eg.,
0.2—1.7 km covered at high speeds) vary acconding to the
players” nationality, compettive level, posibonal role, and
method of messurement emploved in each study, This infor-
mation provides a good pointof rference for plavers, coaches,
and spont scienti sts regarding the overall physical demands of
women's foothall match-play.

Owerall, the studies mentoned above showed that male and
female players cover similar total distances during a foothal |
match compared to their male counterparts. However, the main
difference lies in the amount of distance covered at high-
speeds (=15 km/h)."*"" Male players typically cover signifi-
cantly more distance at these spesds than female playems
mainly due to the inherent binlogical differences between the
genders (e.g., in anthropometry and physical capacities). The
amount of distance covered at high-spesds also seems to be
quite sensitive to differentiate players of various competition
levels both in men's and women's foothall. Plavers of higher
competition levels wsually cover a larger distance at these
speads than plavers competing at lower levels, 5581 A foge of
these studies also revealed significant differences according to
the players’ positional wle™ ™ and evidence of decreased
plavers” physical performance either in terms of total distance
covered or amount of high-intensity mnning in the second half
compared to the first half of match-play, which may be the

result of Eﬂﬁgﬂﬁ_—'e’n.iﬂl."- 1,53, 5960 93

The physical analvsis of the 20011 FIFA Women's World in
Germany™ investigated all 32 matches disputed among 16
participating teams, including over 300 players and over 700
data sets. All measurements were made through a semi-
automatic molti-camera system that allowed the stmultaneous
analysis of all players participating i each match, This meport
priwides to date the largest international database about the
physical demands of women's football matche s disputed at the
highest level of the pame among 16 differsnt nutions from all
continents. Additionally, it also includes some practical trining
recommendations hased on the study findings. The average total
dumtion of these World Cup matches (not ncluding extr time)
wis 92—95 min, whereas the average actual plaving time was
only about 57.5 min (61 %—63% of total mate h duration). Feld
players covered on average a total distance of 10.2 km, with
01.5% of maximum sprints (=25 km/h), 2.3% of optimum spri nts
(21125 lan/h), 3.9% of high-speed runs (18.1—21 km'h),
22 8% of moderate muns (12.1—18 km'h), and 70.5% of low-
spead runs (<212 km'h). In contrast, poalkespers coversd a
total average distance of 6 km, with 06%—0.7% of maximum
and optimum sprnts, <1% of high-speed runs, 5% —6% of
moderate runs, and 91 %—92% of low-spead runs. This neport



266

Tahle 3

Summary of stuches reporting on physical demands of women's fooshall.

V. Manmez-Lagunas et al

Sy Couniry Methoddn matches Levelin Tenal distance Dhistance by category or
FPosirion'n {kmj speed mone
flom (% il distance))
Anderszon et al 't Swesden Videad 10} D21 a9 Memvement ©atepory:
HIR: 1.15
Andersson et 2l SwedenMorway Videw'2 117 Movement category:
Maich | HIR: 104 4 0.2
Maich 2 HIR: 111 = 1.1
Andersson et 2" Sweden/Diemmark Vide'54 o7 Mevement ¢ atepory:
INT maich 99+ 18 HIR: 153 + 1.1
DOM maich 97414 HIR: 133 4 0.9
] o5
M a3t
3 e
Barhera-Al vares et al.™ Spain GPS {1 HeWl Youth players/12 398 4 032 Speed mones (k)
{7 v 7 match) 0L & 002 (0.5)
05—3 066 (17T
31—8 219 ({55
B1-13: 084 213
13.1—18: (23 (&)
= 18.1: D2 {5)
Coalk™ England GPS (5 HeWs 10 937 4 0192 Speed mmes ki
2] A5 4 Q35 =P 055 (6]
el 1022 + 0.5 =P 084 (9]
M 1005 + 0.62 =06 AET (9)
F E5H -+ Q50 =06 BET (10
FIEA' 16 different natians Multi-camera WNT 336 1022 Speed mmes (k)
sysdem32 Crralkeepers
GK .04 <12: 559 (92.4)
12.1—18: (41 (6.7}
18.1—25; (05 (<1}
=25: (L2 {<iL1)
Field pliyers
o Il <12: 7.20 (70.5)
el Iss 12.1—18 233 (22.8)
oM IL3s 18.1—-21: (40 (3.9)
F21) P25 21.1-25: 024 (2.3)
F ra46 = 25: (106 (0.5
Ciahhett and Mubey™ Ausiralia Video/12 WNTI3 Meowvement < ategory:
Sprinting: (82 £ .33 (8.5
Sprinting: (9% 4 032 (9.2
Sprinting: 118 = 0.15{12.3)
i QA2 & 120
M TOAT & 1.3
F QD & Q36
Hewit et al."” Ansiralia PS4 WNTI15 914 & 103 Speed mmes (k)
05 240 & (k12 (26)
5—8: 200 = k11 213
§—12:2.33 =+ (.19 {26)
12-16: 1.41 4+ (16 {15
1620k (&2 + (11 {7y
=2 (.28 & (0 (3)
v el
M G
Frd 551
Krusirup et al ™ Dremumark Widea/s 14 1R300 Merement caiegorny:
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HIE: 131
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Secky Coamiry Methodin masches Levelin Toml distance Distance by category ar
Position'n {kmj speed mone
{lom (% wotd distancey)
P-'[a'h':rez-]_agum ot al ™ Clermamny GP% (1 Heps g 945 4 (LEs Spesd momes (knsh:
<12: 723 £ L.24 (75)
12—-16: 1L.56 £ 035 (16
1620k (L64 4+ 016 (7)
=2k 022 + 07 (2)
3 Bz
M3 3o
Fia 838
Martiner-Lypunas o 31 Ciermany GPS (5 Heyl 2O&ADT 723 & 1L.47 Spead wane (lan/h:
=16 063 £ 0.36 (9
Woahr et al ™ USA Videa?' 37 Pro plyers’34 Movement caegory:
Top-chss 1033 4 0L1S HIR: 168 4 0,09
High-level 1044 £ 0L15 HIR: 133 & (.10
Portebs Sararok’” Cermamy GPS (5 Hew3 117 State teamf 16 5M-477 Speed none (lon'h):
=16: 0. 20—-0.29
Koot and D™ Englend Vidlea W30 1198 £ 1.33 Movement categary:
Walking: (26)
Jagpmng: (45)
Crunising: {13)
Sprimting: (3)
[hher: {13}
ED 1264 4 0.42
co TLOT & 140
M 1297 4+ 0.54
F 1180+ 1.28

Mote: Data are expresed 2 mean 4 50, mnless oterwize ndicated

Abtreviations: | D= first division; 2D = second division; 4D = fourdh division; WNT = Waomen's National Team; 0K = goalkeepen(s); CD = central defenden(s);
ED = exiemal defendenzsi; O = central mnudbellenz); EM = exdermal midheldenz); F = frward{zi; M = madhellens); D = defenden{s; GPS = Glohal
Pemitioming Systeny; INT = intemationzl; DO = domestic; LIR = low-miensty nmning; HIR = high-imiensity rnmning; U1 = under.

* Average af values reponed for inemational and domestic maches,

also mevealed positional differences among the fiel d playems (2.,
tendency of the central and extemal midfielders to cover larger
total distances, the external midfielders the largest distance in
high-speed nms, and the forwards the larger distance in
maximal and optimal sprints compared to the other field
players). Overall, there was an avemge 2.7% decrease in total
distance coverad by the field plaversin the 2nd half compared to
the 1st half of match-play. The teams makingit to the semi-finals
(USA, Japan, Sweden, and France) alsoshowed some of the best
physical performances during the tournament. However, thers
were also other very fit teams that were knocked-out early from
the tournament, which highlights the fact that a high physical
capacity is not the only requirement to succeed in women's
foothall. Other factors such as the techmcal, tactical, mentalf
pavchological characteristic s of the patticipating pl avers/teams
also play acrucial role. Nonetheless, a high-level of fitness does
provide a competiive advantage by helping players to maintain
high-intensity exercise longer and being more resistant to fa-
tigue, especial ly towards the end of o gm."{"“

Future studies should provide a more detailed analysis of
accelerations, changes of direction, and other types of move-
ments requited dunng a women's foothall match becanse this
information 15 stll scarce, S0 far the man focus of the cument
published reports has been in total distance and distance
covered at vanous running speeds. Further investigations of
the physical game demands place upon other plavers’ age
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groups and competition levels should be conducted in the
future (e.g., companson of 17, U20 and senior internationa |
va. national competitons). A longitudinal study companng the
physical demands of women's football match-play at 1mber-
national and national compet tions over several vears may also
priwide meaningful information about the evolution of the
women's game over time. Detailed classifications of plaving
positions (including detailed analvsis of the goalkesper posi-
tum), fatigue development analysis during and after match-
play and simultaneows analysis of physical, techmcal, and
tactical game demands should also be considersd i future

reseanch in this area.
3.2 Physiological demands

Imvestgations on the physiological demands of women's
foothall match-play involving simultaneous measurements of
heart rate (HR), oxygen consumption (VO;), and blood lactate
(La) are still scarce (Table 4) mainly due to the difficulty, high
cost, and laborious procedures required to conduct this tvpe of
studies. Even in the case of men's foothall, they are also
limited. Toour knowledge, there is to date only one published
study that has included simultaneous HR, VO,, La, and GPS
measurements during 2 women's football match.™ This
imvestigation consisted of a full 90 min competitive friendly
match (11 ve 11), in which continuous HR and VO, (via
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Thle 4
Summary of studies reporting an physiokgical demands of women's foahall
Sy Cowmniry Levelin Ayerape & peak HR Ayerape & peak V0, La {mmeal 1)
Positionin (b (% H R (mlghmin (% VDme))
Andersson 317 SwedenMorway 7 Warch 1
Active group’8 163 4= 3 (K2}
Pasmsive groupd 161 4 2 {81}
Maich 2
171 & 3 {86}
168 + 2 {84)
Andersson et al ™ Sweden/Demmark  1DV17
INT masich 162 + 6 (85) & 157 + 2(97)
DO maach 163 4 5 (BS) & 185 + 2{97)
Cximer: Lapex and Spain Semior club teamT 172 & 19 4673
Barriopedro Moo ™ 1117 club team15
Borustrup et al® Demmark 14 167 (B7) & 193 {973 AT & 47.4 (9657
Forustrup et al.™ Dlemmark 123 168 4= 1 {86 & 194 4 (98) 27-5.1
Martinew-Lagunas et al.™  Germany b/ 169 4 & (B3 & 192 & 7 (99
Martines-Lagunas ef al.™  Germany AT 152 10079 & 182 4+ § (94) 283 4 40052 22408
& 5300 4+ 3.8 (98"
Miles et al™ Englaml Mavice players/1i
v A game — GK M7+ 17 (74) (497 23407
dvd game — Ougield 171+ [7(86) (7367 40+ 1.2
Portels Saraeal™ Cermany 117 Stade teamfl b 163 (R
Wisher et al™ Germany 1] 37
an 5.1

Mote: Dota are expressed as mean £ 50, mnless atherwise ncdicated

Abbreviations: 1D = first division; 2D = second division; 3D = dind division; 40 = fourdh division; GFS = Global Posigoning System; V5 = oxygen con-
sumplion; Yome = maximal oxygen uplake; HR = heanl rate; HRpue = madmum heant rate; La = hlood bolate; INT = miemational;, DOM = domestic;

U = wndler.
* Measured hy poriable spirometry
b Estimated from HRE=-W0), relationship.

portable spirometry) and La assessment (gvery 15 min) was
conducted simoltaneously on 10 outfield plavers during the
duration of the match (Fig. 11, Similar to other authors ***%
Mantinez-Lagunas et al™ found a significant reduction in
the players” physical and physiological performance  in
the Znd compared to the Ist half and a large individual
vartability of the results (mostly due to the players” positonal
mle). However, the results of this latter study (Table 4)
are lower than published data on VO: avemge values
repoted for male foothallers  collected  wvia  portable
spimometry (57%—77% VO P ar by using Douglas bags
ET%—60% V0™ during froendly games: average La
values (2.4—10.0 mmolL)™" reported for male plavers duri

match-play;  average HE  (B1%—87% HE ) S5

La (2.7—5.1 mmal/L)L>™ and GPS (g, 9196 km of
total distance coversd)” ™ or computerized video-based
{102—12.0 km of total distance covered) ™ =419 phye.
wal dats of female football players during competive
matches. The HR and VO: results from Martmez-Lagunas
et al.™ are also lower than the average reported values based
on indirect estimation via the HR-VOz mrelationship (approxi-
mately 80e—90% of HR,,, comesponding to ~T705%—77%
Wy, which may  tend to  ovemstimate  actual
Wi, I P dible reasons for the discrepancy of results
may include gender, players” charactenstics and competitive
level, pame conditions, methodological differences, and
mevement impairment due to the messuring  eguipment.
Further studies usng a larger sample size (players and games)
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should be conducted in order to venfy these results, Momover,
competitive level and positional mle di fferences should also be
evaluated in more detail in the future.

4. Conclusions, future directions, and practcal
recommendations

The present literature review aimed 1) to provide an over-
view of a senes of studies that have been published so far on
the specific chamctenstics of female foothallers and the de-
mands of match-play: 2) to identify areas/topics that require
further scientific research in women s football; and 3) to derive
a few practical recommendations from the information gath-
ered in this review. Published studies on the specific charac-
teristics of female foothall plavers have reponed the fol lowing
mean  values  for  age (1227 weam), body  height
(155—174 cm), body mass (48—72 kg), pement body fat
(3 —29%), VO, (451555 mlhkgmin, YYIRI
(T80—1379 m), HR . (189—202 bpm), 30 m sprint times
(434—4.96 ), and counter-movement jump or vertical jump
(28—50 cm) that vary mainly acconling to the players’
competitive level and positional role. There are also some
special considerations that coaches and other pmcttionems
should be aware of when working with female athletes such as
the menstrual cyele, potential pregnancy and lactation, com-
mon injury risks (particularly knee and head injuries) and
health concerns (e.g., fernale athlete triad, imon deficiency, and
anemia) that may affect players” foothall performance, health
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Fig. 1. Portshle spirometry messrements during 3 women's foothal] mstch,

or return to play. In terms of the demands of the game, -
ported mean values for total distance covered (4—13 km),
distance covered at high-speed (0.2—1.7 km), average/peak
HR (74%—87%094%—09% HR,,,). avemge/peak VO,
(52%—TTRD0%—98% V0., and La (2273 mmol/L)
during women s foothall match-play also vary according to the
players” competitive level and positional role. Methodological
differences may account for the discrepancy of the reported
values as well.

Due tothe increased popularity and panticipation numbers
of women's foothall worldwide, there 15 a high demand of
scientific ressarch specific to female players of various age
groups, nationalites, competitive levels, and positonal moles
(including detailed snalysis of the goalkeeping demands and
mowe specific field player classifications). To date, most in-
vestigntions in the aress of player charactenistics and de-
mands of the game are of a descriptive nature, Therfore,
there 15 a need for more experimental studies that evaluate
the effectivensss of certmin training  and recovery in-
terventions (e.g., 1 ve. 2 competiive matches per week) on
players” characteristics (e.g, anthropometry, physiologcal,
and physical capacities) and on their football performance
during match-play. The latter is not only in terms of physical/
physiological aspects but also regumding technical, tactical,
and mental/psychological elements because football perfor
mance is influenced by all these factors, and thus, all should
be taken into account. There is also considemble scope for
further research specific to female players m topes such as
the effects of the menstrual cycle and contraceptive pills use,
potential pregnancy and lactaton, common injury risks
(particularly knes and head injuries), and health concerns
{e.g., female athlete tmad, won deficiency, and anemia) on
foothall performance and return to play. Finall v, more studies
are needed to guantify the physiological demands placed
upon female foothallers during match-play and  traimng
sessions in terms of  on-field VO, HR, and La
concentrations.

Practical recommendatons that can be derived from the
present review include:
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¢ The physical capacities of players should be tested regu-
larly through objective and standardized performance
assessment in order to identify their strengths and weak-
nesses, This can also be wseful for evaluating the effec-
tiveness of a specific tmining program, setting mdvidual
and team fimess standards, and talent ident ficaton/
devel opment.

Based on this mformation physical trumng should be
individualized acconding to the players’ cument fitness
levels, positional role, and level of competiion. This will
help players to cope mome efficiently with the demands of
the game.

Coaches and pmctitoners working with female playes
should be aware of their specific characteristics and -
derstand gender differences especially if they used to work
only with male athletes before. An open approach and
knowledge on menstruation and pregnancy including their
potential impact on football performance 15 nesded.

The long-term conssquences of using long-acting contra-
ceptive pills to mamipulate the players’ menstrual cycle
according to their competibon and trmming schedules are
still unknown, and therefore, this practice is cumently not
recommended.

Due to the higher risk of ferale plavers o suffer from
knes and head injuries comparsd to their male counter-
parts, coaches should implement an injury  prevention
program for their female plavers on a regular basis (eg.,
FIFA 11+ injury prevention program).

Health problems such as the fermale athlete triad (low
energy availabihty/eating disorders, menstrual dysfunc-
tion, and low body density fosteoporosis), iron deficiency,
and anemia may affect some female foothallers, Thus,
coaches should be knowledgeable about therr common
symptoms  and consequences in onder o identify  the
affected players eady and refer them as soon as possible o
a physician,

Coaches and pmctitoners working with female players
should be educated on the topics mentioned above through
women's foothall specific courses.



jerli]

The mformation presented in this report provides an
objective point of reference abowt player characteristics
and game demands at vanous levels of women's foothall,
which can help coaches and sport scientists o design more
effective training programs and science-based strategies
for the further improvement of plavers® foothall perfor
mance, health, game standards, and positive image of this
sport.
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of women’s soccer competitive
matches of the second and
fourth German leagues

V. Martinez-Lagunas, M. Niessen
and U. Hartmann

Institute of Movement and Training Science,
University of Leipzig, Leipzig, Germany

Introduction

Recent applications of Global Positioning System (GPS) in sport have facilitated
the simultaneous evaluation of physical performance of mmltiple athletes during
competition and'or training. The use of GPS technology for this purpose is less
labor intensive and less time consuming than the pioneer method of video-based
notational analysis that was used several yvears ago. While this pioneer method
was highly accurate, it restricted the analysis to a single athlete at a time (Carling
et al , 2008). Moreover, GPS technology 1s more affordable and practical than the
semi-automatic multi-camera systems that have also been developed in the last
few years. Recently, several validation studies have been conducted on the appli-
cation of GPS technology for field sports including Australian football, cricket,
field hockey, magby union and league, and soccer (Aughey, 2011; Hohmann et al |
2013; Petersen et al., 2009; Randers et al., 2010; Vickery et al., 2014). Owverall, it
has been shown that GPS technology has acceptable validity and reliability for
estimating longer distances covered at low intensities, but requires further refine-
ment to assess short, multi-directional high-velocity movements that are common
in team sports (Aughey, 2011; Hohmann et al , 2013; Petersenetal., 2009; Vickery
et al., 2014). Furthermore, a soccer-spectfic study demonstrated that GPS devices
are suitable to describe activity profiles and fatigue development during match-
play when compared to other types of match analysis systems, although cantion
15 advised when comparing absolute distance values among them due to the
existence of large between-systems differences including GPS umts of different
sampling frequencies (Randers et al., 2010).

Although the popularity of women's soccer has considerably increased in the
last few years. scientific research on the physical demands of the women’s game
at different competitive levels 1s still linmted So far most studies have been
focused on the highest competitive levels, such as the national team (Andersson
et al., 2010; Gabbett & Mulvey, 2008; Hewit et al | 2009; Hewnit et al | 2014;
Mohr et al., 2008; Scoft & Drust, 2007), and first division level (Andersson et al.,
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04 Martinez-Lagunas et al.

2010; Bradley et al., 2014; Cock, 2012; Krustrup et al.. 2005; Mohr et al, 2008
Vescovi & Favero, 2014). However, there 1s scarce information about lower levels
of the women’s game (Martinez-I.agumas et al, 2010). In most countnies, their
various women's soccer leagues are organized within a promotion and relegation
system, 1in which lower divisions usually serve as a preparation platform before
the most talented players reach the highest level of the game. Consequently, it is
crucial to investigate the physical demands of women’s soccer at various
competitive levels in order to develop more specific and effective conditioning
programs for female soccer players based on their level of play and positional
role. Therefore, the aim of the present study was to compare the physical demands
of women's soccer competitive matches of the second and fourth German leagues
using GPS technology.

Methods

Subjects

Twenty-two outfield female soccer players from a local club who were competing
in the second (2L) and fourth (4L) German national leagues took part in this
study. Eight players competed only in the 2L, eight players only in the 4L, and the
remaining six players participated in both leagues as they played up or down
based on coaching decisions. The data of the six players who played games
both leagues were mcluded for analysis in each league. Therefore, the total
number of players considered for each league was 14 (8+6). The overall players’
age, body height, body mas, and maximal heart rate (mean+SD) independent of
competitive league were 23.0+3 9 (range: 17-36) yrs, 163.1+6.6 (152.1-176.5) cm,
60 2+5 4(50.0-73 4) kg, and 190=8 (167-204) bpm, respectively. Further players’
charactenistics according to their competitive league appear in Table 10.1. Players’
maximal heart rate (HE__ ) was determined prior to the start of study begin as the
peak value reached in a 5-s penod, dunng the last part of a common soccer-
specific field test (Yo-Yo Intermittent Recovery Test Level 1) that has been shown
to be a practical and valid tool for this purpose (Bangsbo et al ., 2008; Kmstrup
et al., 2003; Martinez-Lagunas & Hartmann, 2014).

Table 10.1 Further player characteristics according to their competitive league

League Age (yrs) Body height (cm) Body mass (kg) HR__(bpm)

L 2215230 164.0£7.7 608464 192£7
(1729 (152.1-176.3) (50.0-73.4) (180-204)

4L 1342472 162.9+6.4 60.6+6.5 189+0
(18-36) (153.8-17435) (50.0-73.4) (167-204)

Fesults presented as mean+5D), (range).

21 second German national league, 41 fomth German national lsagoee, HR_W: maximal heart rate,
n= 14 players for sach leagne (e1ght players competing only m the 21 or 41+ smx players participatmg
in both). No significant diffsrences ware obsarved between 21 and 41
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This mvestigation conformed to the standards set by the Declaration of Helsinki’s
ethical principles for research involving humans. All participating players com-
pleted a medical screeming questionnaire and signed a wrtten informed consent
form after recerving verbal and written explanation of the study procedures and
its potential nsks. All athletes were in good health and free of injuries at the time

of testing.

Match analysis

Players® physical match performance was monitored by means of a GPS device
with a sampling frequency of 5 Hz (SPI-Pro, GPSporis Systems, Canberra,
Australia). The validity and reliability of this GPS model has been reported
elsewhere (Hohmann et al, 2013; Petersen et al, 2009). Additionally, players’
heart rate (HE) was confinmously monitored every 5 s dunng match-play by
means of the Polar Team® System, Polar Electro Oy, Kempele, Finland. A total of
fen competitive matches were evaluated in this study (five matches for each
competitive league). The participating players were monitored during one to five
matches 1 each league and only the data sefs of the players who completed
the whole match (90 minutes) were used for data analysis. Therefore, a total of
34 and 26 complete data sets were considered for data analysis in the 2L and
4L, respectively. Additionally, these data sets were classified further according
to the positional role that the coaching staff assigned to the plavers in each
match considering only the data sets of the players who played the whole
match in that particular posifion. Thus, our positional analysis included 17, 13,
and four complete data sets of defenders, nudfielders and forwards in the 2L
and 12, ten, and four in the 4L, respectively. The vanables evaluated were total
distance, distance covered at different speed zones, speed, and HR. Six arbitrary
speed zones based on the work of Hewitt et al (2009) were used: strolling
(0—5 km'h), walking (58 km'h). low-speed munming (812 km/h), moderate-
speed mnning (12-16 km/h), high-speed mnning (16-20 km'), and sprinting
(=20 km/h). These speed zones are similar to those used in other reports on female
soccer players (Bradley & Vescovi, 2015; Martinez-Lagunas et al., 2010; Vescowvi
& Favero, 2014).

Statistical analysis

Descriptive statistics are presented as mean=5SD unless otherwise mdicated
Student’s i-fest was used to assess differences according to competitive league
and game penod (first vs. second half) within each league. Additionally, one-way
ANOVA wath LSD post-hoc tests was used fo assess differences according to
playing position within each league. Data were analyzed usmg Team AMS V2.1
K1 2010 _P5 (GPSports Systems, Canberra, Australia), Excel 2010 (Microsoft
Corp, Redmond, WA, USA), and IBM SPSS Statistics Version 21 (IBM Corp,
Armmonk, NY, USA). Significance level was set at p < 0.05.
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Results

Total distance covered (TDC) was 12 percent higher in the 21 matches compared
to the 4L matches (or 15 percent ugher when only the six players who played
games in both leagues were considered) (p < 0.05) and no significant reduction
m TDC was identified in the second compared to the first half of match-play
for etther league (p = 0.03) (Table 10.2). Average HR was higher i the 2L
matches (89 percent HR ) compared to the 4L matches (87 percent HR__) and
it was also lugher in the first half compared to the second half of match-play
within both leagues (p < 0.05) (Table 10.2). There were no stafistical differences
i peak HR (lughest value attained in 5-s peniods) dunng the 2L and 41 matches
(both reached 99-100 percent HR ) (p = 0.05). The attained average peak
speed was 5 percent higher (p < 0.05) mn the 2L (26.5=1 8 km/h) than in the 4L
(25.2+2 2 km/h).

Absolute distance covered at the followmng speed zomes 3-8 (18 percent,
mdicates percent difference), 8-12 (12 percent), 16-20 (23 percent), and =20
(44 percent) km'h was higher in the 21. matches than in the 4L matches (p < 0.03)
(Figure 10.1). Players covered about 30 percent more distance at speeds above
16 km'h (high-speed mnning and sprinting) in the 21. matches than in the 4L
matches (this percentage difference was the same when only the six players who
playved games in both leagues were considered). No statistical differences were
found at 0-5 or 12-16 km'h between the two leagues (p = 0.05) (Figure 10.1). No
significant reduction in distance covered at =16 km'h was identified in the second
vs. first half for either league (p = 0.05).

In terms of playing position, defenders (D) covered less fotal distance
{7 < 0.05) than nudfielders (M) and forwards (F) in both leagues (2L D 8715604
m, M 9966684 m, F 9803577 m; and 4L D 72241188 m. M 9437=719 m,
F 8191+1032 m). Additionally, forwards covered significantly less total distance
than mudfielders i the 4L (p < 0.05).

Table 10.2 Total distance covered and average heart rate by competitive league

Fariable 2L {n=34) 4L {n=26)

IDC (m) (m)

First half 4,735+408= 4 1717£706

Second half 4 587x438% 3,947£732

Full game 0,322003= 8,224£1415

HR (bpm) (bpm)

First half 173=7 (90% HE__)** 168+10 (88°% HE. )"
Second half 169++6 (B89 HE. )* 16210 (26% HE
Full game 171=6 (89% HR. )* 165:9 (87% HR
Eesults presented as mean+5D.

*Hipmificantly lngher than 4L, “lugher than second half (p < 0.05).

2L: second German national league, 41 fourth Genman national league, TDC: fotal distance covered,
HE: average heart rate, HR.__: maximal heart rate, n: mumber of complate data sets analyzed for each
league.
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2,500+ {2z} * (17%)
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Distance coverad (m) at different speed zones (km/h)

Figure 10.]1 Distance covered (m) at different speed zones (Jan'h)

In the 21, defenders covered less distance at 812 (15 percent, indicates percent
difference), 12-16 (32 percent). and 16-20 (32 percent) km/h than midfielders
and also less distance at 12-16 (28 percent), 16-20 (41 percent) km/h than
forwards (p < 0.05). No sigmficant positional differences in distance covered
were identified at (-5, 58, and > 20 km/h (p > 0.05) (Figure 10.2A). In the 4L,
defenders covered less distance at 58 (16 percent), 812 (35 percent), 12-16
(45 percent), and 16-20 (44 percent) km/h than midfielders and also sigmificantly
less distance at 5-8 (22 percent) km'h than forwards (p < 0.05). Furthermore,
forwards covered significantly less distance at 8-12 (28 percent), 12-16
(34 percent) km'h than midfielders. No significant positional differences in
distance covered were identified at (-5 and = 20 km'h (p = 0.05) (Figure 10.2B).

Discussion and conclusion

Due to the current literature gap on lower levels of the women’s game, the primary
am of this investigation was to compare the physical demands of women’s
soccer competitive matches of the second and fourth German leagues using GPS
technology. We analyzed total distance, distance covered at different speed zones
according to Hewntt et al. (2009), speed, and heart rate. Additionally, we also
evaluated positional differences. Our data showed that the physical demands of
the 2L games were significantly higher (including higher TDC, distance covered
at various speeds, average peak speed, and average HR) than those of the 4L
games and that several positional differences exist in both leagues.

In this study the average TDC during the 21 and 4L games was 93 km and
8.2 km, respectively. These findings fall within the lower ranges of expected values
that have been reported 1 previous studies, which vary depending on the players’
level of play: 9.1-12.0 m for female national team soccer players (Andersson
et al, 2010; Gabbett & Mulvey, 2008; Hewitt et al , 2009; Hewniit et al | 2014;
Mohr et al, 2008; Scott & Dmust, 2007), 94-10.7 km for female first division
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a) 2L 3,500 -

3,000

-
2,500 -
m) 200 #
1,500
= i
sm -
° IrEm
05 kmh | 5—Bkmi | B=12 km'h | 12=16 kmh | 1620 kevh | 204 kmih
O Defenders (n=17) | 2,408 2,042 2,199 1,285 53z 250
O Midlielders (n=13)| 2,300 2,084 2,601 1,889 781 303
W Forwands (ned) 2,583 1,858 2,485 1,754 805 417
Distance covered (m) at different speed zones (km/'h)

b) 4L
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2,500 -

(m) 20007 g
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m -
o O=5kmh | 5=BEkmh | B=12km'h | 12=18 km/h

O Defenders (n=12) 2483 1,458 1,716 1,027 132
O Midlielders (n=10)| 229 1,778 2,837 1,872 2
W Forwand [ned) 2,378 1,928 1,826 1,237 153

Distance covered (m) al different speed zones (kmh)

Figure 10.2 Distance covered at six different speed zones according to Hewitt et al. (2009)
by playing position A) in the 2L and B) m the 4L

n = number of complate data sets ncluded for anzlvsis o each playving posifion.

*S1gnificantly lower than madfielder, *lower than forward (p < 0.05).

2L second (erman national league, 41 fomrth German national league.

soccer players (Andersson et al., 2010; Bradley et al , 2014; Cook, 2012; Kmstrup
et al, 2005; Mohr et al, 2008; Vescovi & Favero, 2014), and 9.7 m for female
second division players (Martinez-Lagmnas et al, 2010). Although previous
studies did not find a significant difference in the TDC during match-play when
comparing female players of different performance levels (e.g. national team
vs. first division) (Andersson et al , 2010; Mohr et al | 2008), our study findings did
show a significant difference in TDC during the 2L and 4L games (2L > 4L, both
when all players and when only the six players who played matches in both leagues
were considered). This 15 probably due to the fact that the separation between
the 2L and the 4L evaluated in the present study 1s larger compared to the national
team and first division levels mvestigated m previous research (Andersson et al.,
2010; Mohr et al., 2008). Similar to other scientists investigating international
female matches (Scott & Drust, 2007) and domestic first division games (Andersson
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et al , 2010; Mohr et al., 2008), we found no significant reduction in TDC i the
second compared to the first half durng the 21 or 4L games. However, other
researchers have demonstrated a significant decrease (up to 10 percent) i TDC
between game halves (Bradley et al, 2014; Cook, 2012; Gabbett & Mulvey,
2008; Martinez-Lagunas et al., 2010). Thus, comparisons among studies should
be viewed with caution becanse players’ filness characteristics, methodology used,
game factics, and environmental condifions may be responsible for the differences
1n study results.

Soccer 15 an intermittent sport combining periods of high- and low-mntensity
activifties and there 1s no exact or single measure of physical performance durning
match-play (Bradley et al., 2014), although it has been suggested that the distance
covered at high-intensity may be an important deternunant of physical match
performance due to 1ts positive relation with players’ fitness status (Bangsbo et al |
2008; Kmstrup et al., 2003; Emstrup et al., 2005) and its ability to distingmsh
players of different competitive levels and positional roles in both men’s and
women’s soccer (Andersson et al., 2010; Bangsbo et al., 2008; EKrustrup et al.,
2003; Mohr et al., 2008). Therefore, we analyzed distance covered at six different
speed zones based on the work of Hewatt et al. (2009). The genenc speed zones
or thresholds used in the present study adhere to the current recommendations
given by Bradley and Vescovi (2015) in order to standardize the definifion of
high-speed mnning (15-16 km/h) and sprinting (20 km/h) of women's soccer
matches with = U20 players and are similar to those used in other studies on
female soccer players (Martinez-Iagunas et al., 2010; Vescow1 & Favero, 2014).
Like other authors (Andersson et al., 2010; Mohr et al., 2008), we found that the
distance covered at the higher intensities (> 16 kmv/h) was significantly greater
(30 percent) in the supenior level of play compared to the lower level (2L = 4L,
both when all players and when only the six players who played matches i
both leagues were considered). This shows that these latter plavers were able to
adapt well to the higher physical demands of the 21 matches. Overall, all players
covered 23 percent higher distance at high-speed mmnning (1620 km'h) and
44 percent higher distance at sprinting speed (= 20 km'h) m the 21. compared to
the 41.. The absolute distance values covered at high-intensity runming (= 16 km/h)
i the 2L (960.8 m) and 4L (676.6 m) in this study are comparable to the values
reported m previous studies that also used GPS technology and the same arbitrary
speed thresholds for the analysis of Australian international games (200 m) (Hewatt
et al., 2009) and German second league games (860 m) (Martinez-I agunas ef al.,
2010). Nevertheless, the differences in these values become larger when com-
pared to studies that used video-based technology and/or different thresholds to
define distance covered at high-intensity mmning (1.300-2 407 m) (Andersson
et al., 2010; Hewitt et al, 2014; Emstrup et al_, 2005; Mohr et al., 2008).

In the present study, we found further significant differences in absolute
distance covered at 5-8 m'h (walking) and 8-12 km'/h (low-speed mnning)
between the leagues (2L = 4L), but no significant difference at (—5 km/h (strolling)
and 12-16 km'h (moderate-speed runming). However, in terms of relative
percentage values from the TDC by league, the differences were smaller and the
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percentages found in this study (~73-75 percent for low-speed runming, walking,
and strolling, ~17 percent for moderate-speed nmning, ~6—7 percent for high-
speed runming, and ~2—-3 percent for sprinting) are also similar to those reported
by other authors (Hewitt et al., 2009; Martinez-Lagunas et al., 2010). Moreover,
no significant reduction in distance covered at high-intensity running was found
m the second half compared to the first half of match-play in either league,
although other researchers have reported a significant decrease in this variable
between the game halves dunng international and first division female soccer
matches (Mohr et al., 2008). Furthermore, our study results showed that the
attained average peak speed was about 5 percent higher in the 2L than in the 4L
matches, which supports further the lugher physical demands of the 2L compared
to the 4. matches. To date, no other studies have compared this vaniable between
different levels of play in women's soccer.

Prior to the start of the current study, each player's HR  was determined as
the peak value attained in a 5-s period towards the end of a common soccer-
specific field test that has been described elsewhere and has been shown to be
a practical and valid tool for this purpose (Bangsbo et al., 2008; Krustrup ef al.,
2003; Martinez-Lagunas & Hartmann, 2014). Thus, the average and peak HR
values attamned during the games could be expressed as percentages of HR .
Average HR values during match-play for the 21 and 4L were 171 and 165 bpm
corresponding to 89 percent and 87 percent HR_ | respectively. These values are
similar to those reported in previous studies (Andersson et al.. 2010; Kmstrup
et al., 2005; Martinez-Lagunas et al., 2010). However, we did find a sigmficant
difference in the average HR values attained during the 2L and 4L games (2L =
4L), while Andersson et al. (2010) did not show such a difference between the
mtemnational and domestic women's soccer games that they evaluated When
looking at each playing position, we found that defenders covered significantly
less total distance than midfielders and forwards in both leagues and that forwards
also ran less total distance than mudfielders in the 41.. These findings are in line
with those of previous research showing similar results regarding positional
differences in women'’s soccer (Andersson et al | 2010; Cook, 2012; Gabbett &
Mulvey, 2008; Hewitt et al, 2009; Hewitt et al | 2014; Mohr et al | 2008; Scott
& Dmst, 2007). In all these studies, the conclusion or tendency is that midfielders
cover the greater total distance compared to defenders and forwards. Additionally,
m the present study nudfielders were also found to min more distance at low-,
medmm-, and high-intensity speeds than defenders in both leagues. Other authors
also support the finding that midfielders have greater minning at high intensity
compared to defenders (Andersson et al., 2010; Hewitt et al., 2014; Mohr et al.,
2008). In this study we did not find significant differences in sprint distance
among the playmng positions, although other reports support some positional
differences in this category (Coolk, 2012; Hewitt et al., 2014; Mohr et al | 2008).
Studies that have compared the physical demands placed on central or external
defenders and nudfielders m men’s soccer have idenfified further positional
differences. For example, D1 Salvo et al. (2007) found superior TDC for the
central mdfielders followed by external mudfielders, external defenders, forwards
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and cenfral defenders. On the other hand, Bradley et al. (2009) reported superior
distance covered at igh- and very high-intensity mmnning for the external mid-
fielders compared to all other positions, as well as higher sprinting distance com-
pared to central defenders, central midfielders, and attackers. Therefore, future
research in women's soccer should include the analysis of more specific field
player classifications (1.e. at least five sub-categories: central defenders, external
defenders, central mudfielders, external midfielders, and forwards, mnstead of only
three of them- defenders, midfielders, and forwards, which 1s the common prac-
fice in the current literature). Additionally, the evaluation of the specific physical
demands placed on female goalkeepers at various compefitive levels should
also be included in future investigations because there i1s currently very scarce
information relative to this playing position.

We acknowledge that a few Limitations are associated with the current study.
For instance, we analyzed a relatively low number of players, matches, and com-
plete data sets. Although we were able to detect significant differences between
the two compefitive levels, the low number of complete data sets available for
the comparison of positional differences may be a imiting factor, especially in the
case of the forward category, in which there were only four complete data sets
available for analysis. Thus, the generalization of our study findings to other
groups of female players should be made with caution Gregson et al. (2010)
showed that there 15 a igh match-to-match vanation (CV of 16-31 percent) in the
amount of high-speed actrvities that elite male players perform durning match-play
and suggested that large sample sizes (n = 80) are required to detect real system-
atic changes 1n this area. Nevertheless, the opportunities to collect physical
performance data during women's soccer matches of various competitive levels
are still scarce, especially at lower competitive levels. The number of players,
matches, and complete data sets used mn the present study compare favorably to
those of simular published studies on women's soccer (Andersson et al, 2010;
Gabbett & Mulvey, 2008; Hewitt et al., 2014; Mohr et al, 2008). Furthermore,
comparisons among study findings using different types of match analysis systems
should be performed with caution because large absolute between-system differ-
ences exist when comparing video-based fime-motion analysis, senu-automatic
multi-camera, and GPS systems (Randers et al., 2010). Additionally, the current
limtations of using GPS technology for the analysis of athletes’ physical perfor-
mance during training and match-play should be taken mfo account. Particularly
that there is a tendency for the GPS devices to underestimate distance and speed
measures with lower accuracy and reliability in the case of high-intensity efforts
as well as low level of mterunit reliabality (Vickery et al, 2014). Finally, differ-
ences i the speed zones or thresholds used in the current literature to define the
various locomotor activifies should be considered when comparing study results
(Bradley & Vescovi, 2013).

In conclusion, the physical demands of 21. competitive matches are lugher
than those of 4L matches, especially in terms of TDC (12 percent, indicates
percent difference), distance covered at = 16 km'h (30 percent), and average peak
speed (5 percent difference) resulting m a higher average HR (2 percent).
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Furthermore, positional differences exist mn terms of total distance covered and
distance covered at vanous speeds (e.g. 812, 12-16, and 16-20 km/h) mn both
leagues. These physical demands are significantly lower for defenders than for
midfielders and forwards. Midfielders tend to face the highest physical demands
during match-play in both leagues. Thus, players’ physical preparation should
meet the specific demands of their competitive level and positional role.
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