DOCTORAL THESIS

UNIVERSIDAD CATOLICA
DE MURCIA

INTERNATIONAL DOCTORAL SCHOOL

Doctoral Programme in Sports Science

EFFECTS OF DIFFERENT STRENGTH AND CONDITIONING
PROGRAMS VARIATIONS ON PERFORMANCE VARIABLES
IN PROFESSIONAL FEMALE SOCCER PLAYERS

Author:
Sefika Pelin Bal

Supervisors:
Dr. Luis Manuel Martinez Aranda

Dr. Javier Raya Gonzalez

Murcia, September 2025












DOCTORAL THESIS

ESCUELA INTERNACIONAL DE DOCTORADO

Programa de Doctorado en Ciencias del Deporte

EFFECTS OF DIFFERENT STRENGTH AND CONDITIONING
PROGRAMS VARIATIONS ON PERFORMANCE VARIABLES
IN PROFESSIONAL FEMALE SOCCER PLAYERS

Autor:
Sefika Pelin Bal

Directores:
Dr. Luis Manuel Martinez Aranda

Dr. Javier Raya Gonzalez

Murcia, septiembre de 2025






EIDUCAM
Escuela Internacional
de Doctorado

UNIVERSIDAD CATOLICA
DE MURCIA

THESIS SUPERVISORS” AUTHORISATION
FOR THESIS SUBMISSION

Prof. Dr. Luis Manuel Martinez Aranda and Prof. Dr. Javier Raya Gonzalez, as
Supervisors® of the Doctoral Thesis ‘Effects of Different Strength and Conditioning
Programs Variations on Performance in Professional Female Soccer Players” by Sefika
Pelin Bal in the Doctorate Programme Sports Science, authorise(s) its submission, given

that it meets the required conditions for its defence.

Which I hereby sign in compliance with Spanish Royal Decree 99/2011, of 28
January, in Murcia, on 29 September, 2025.

Dr. Luis Manuel Martinez Aranda Dr. Javier Raya Gonzélez

(1) If the Thesis is supervised by more than one Supervisor, both must be mentioned and

both must sign.

EIDUCAM
Escuela Internacional
de Doctorado







ABSTRACT

Soccer is the world’s most popular sport, and women’s participation has
grown rapidly in recent decades, reaching new levels of professionalization and
global visibility. Despite this progress, research on female players remains limited
compared to their male counterparts, particularly regarding evidence-based
training approaches. This doctoral thesis investigates the effects of strength and
sprint-based training interventions on the physical fitness and match performance
of female soccer players. Although women’s soccer has gained remarkable
popularity and professionalization in recent decades, research remains
disproportionately focused on male athletes, leaving significant gaps in evidence-

based training guidelines tailored to women.

Through three complementary studies, this work evaluates (i) the short-term
impact of in-season strength training in adolescent players, (ii) the comparison
between traditional and integrated sprint training in professional players, and (iii)
the long-term effects of structured strength training across two competitive seasons
in youth female athletes. All three studies followed an experimental intervention
design, applying specific training programs over defined periods and assessing
pre- and post-intervention changes in performance. The research employs physical
fitness tests (e.g., countermovement jump, aerobic capacity, sprint performance)
and GPS-based match external load metrics (e.g., total distance, very-high-speed

running, number of sprints, and maximum velocity).

The results indicate that short-term strength training enhanced fitness and
match outputs in youth players, specific sprint training method led to higher
benefits in professional players, and long-term strength training promoted
consistent and lasting improvements. Collectively, this thesis advances current
knowledge in sports science by providing evidence-based recommendations to
optimize periodization, conditioning, and injury prevention strategies in women’s

soccer.

Keywords: Women's soccer; strength training; sprint training; physical

fitness; match performance; GPS.



RESUMEN

El fatbol es el deporte mas popular del mundo, y la participacion femenina
ha crecido rapidamente en las ultimas décadas, alcanzando nuevos niveles de
profesionalizacion y visibilidad global. A pesar de este progreso, la investigacion
sobre jugadoras sigue siendo limitada en comparacion con sus homologos
masculinos, especialmente en lo que respecta a enfoques de entrenamiento basados
en la evidencia. Esta tesis doctoral investiga los efectos de las intervenciones de
entrenamiento de fuerza y de velocidad sobre la condicion fisica y el rendimiento
en competicion de futbolistas femeninas. Aunque el fatbol femenino ha
experimentado una notable popularidad y profesionalizacion en los tltimos afios,
la investigacion sigue centrada de manera desproporcionada en los hombres, lo
que genera vacios importantes en las directrices de entrenamiento especificas para

mujeres basadas en la evidencia.

A través de tres estudios complementarios, este trabajo evalta (i) el impacto
a corto plazo de un programa de fuerza realizado durante la temporada en
jugadoras adolescentes, (ii) la comparacion entre el entrenamiento de velocidad
tradicional y el entrenamiento integrado en jugadoras profesionales, y (iii) los
efectos a largo plazo de un programa estructurado de fuerza a lo largo de dos
temporadas competitivas en futbolistas juveniles. Los tres estudios siguieron un
disefio experimental de intervencion, aplicando programas de entrenamiento
especificos durante periodos definidos y evaluando los cambios en el rendimiento
antes y después de la intervencion. La investigacion incluye pruebas de condicion
fisica (p. ej., salto con contramovimiento, capacidad aerdbica, rendimiento en
sprint) y métricas de carga externa en competicion obtenidas mediante GPS (p. ej.,
distancia total, carrera a muy alta velocidad, nimero de esprints y velocidad
maxima).

Los resultados indican que el entrenamiento de fuerza a corto plazo mejoro
la condicion fisica y el rendimiento en competicion de las jugadoras juveniles, los
métodos especificos de entrenamiento de velocidad generaron beneficios
diferenciados en las jugadoras profesionales, y el entrenamiento de fuerza a largo
plazo promovid mejoras consistentes y duraderas. En conjunto, esta tesis amplia el

conocimiento actual en ciencias del deporte al proporcionar recomendaciones



basadas en la evidencia para optimizar la periodizacion, la preparacion fisica y la

prevencion de lesiones en el fatbol femenino.

Palabras clave: Fatbol femenino; entrenamiento de fuerza; entrenamiento de

velocidad; condicion fisica; rendimiento competitivo; GPS.
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‘It's hard to beat a person who never gives up.’

Babe Ruth

‘Originality consists in returning to the origin, so original is
that it returns to the simplicity of the first solutions.” Antoni
Gaudi (1852-1926).






GENERAL TABLE OF CONTENTS

ABSTRACT ...ttt sesssssssssssssssssssssssssssssssssssssssssssssssssssssssses 9
I- INTRODUCTION ....eieteirintitntntnneneneneneneeeessssssssssssssssssssssssssssssssssssens 24
1.1. Contextual Approach to SOCCET ........ouuiuieeriririeereeieiiiinsssesesesenens 25
1.2 Match Running Demands in Female Soccer ..........cuverievnnnnrcrcrnsucnenes 28
1.2.1. Total Distance and High-Intensity Running...........ccccoceeiviviiiinninne. 29
1.2.2. Sprinting and Acceleration Demands.............cccocoeveviiiieiiiniiccccne, 31
1.2.3. Repeated-Sprint Ability (RSA)......cccccviiiiininiiiiiiiiiccicce, 32
1.2.4. Season Program and Fatigue-Related Variations............cccccevuiininiinnncne. 32
1.3. Physical fitness in female soccer players ..........oveeeverreerienrecncncncncncnnen 33
1.3.1. Aerobic Capacity......ccociiiiiiiiiiiiiiii s 34
1.3.2. Anaerobic Capacity and POWeT .........cccccccvviviiiiininiiiiniiiciccccice 35
1.3.3. Muscular Strength and Explosive POWer ...........c.ccooeeiicccccccne, 37

1.3.4. Relationship Between Physical Fitness and Match Running Demands. 38

1.4. Strength Training Methods for Improving Physical Fitness

PerfOrmMANCe.. ...ttt s s s s ssasas s s s b s sen s s senes 41
1.5. Effects of Strength Training Programs on Female Soccer Players ......45
1.5.1. Effects on Physical Fitness Tests.........cccocciiviiiininiiiiininiiiiniccicene 45
1.5.2. Effects on Match Running Demands and Outcomes............cccocvueiniinnes 48
II - OBJECTIVES AND HYPOTHESES. .........ciririniiirisisinsnisiseacsenes 52
2.1. General ObjJectiVe...iiniiiiiiiinnnissesssssae 52
2.2, Specific Objectives and Hypotheses............cocovvirennriirennccresnssecsnsnnaes 52

2.2.1. Study 1: Young elite female players: In-season strength training (10
WEEKS) ettt ettt ettt ettt beeee 52

222, Study 2: Professional female players: Traditional vs. Modified Integrated
Sprint Training (12 WeekKS) .......ceueveveieieieieiccicicccccce e 53



2.2.3. Study 3: Young elite female players: Long-term traditional strength

training (fW0 SEASOMNS)......coveviiirieiiiiieiiietccc s 53
2.24. Integrated Thesis Perspective ..., 54

III - Impact of a 10-Week Strength Training Program on Physical
Performance and Match External Load in Young Elite Female Soccer Players..56

3.1. WX 0113 - o O 56
3.2. INEFOAUCHON .ttt sasseaee 57
3.3. Materials and Methods.........cocoveerinnncnnninnninnnennnencnisncssscsiscsssscssscnes 59
3.3.1. Study DeSIZN ... 59
3.3.2. PartiCipants ..o 60
3.3.3. PTOCEAUTIES ...ttt 61
3.34. TS 62
3.3.5. Match Running Demands..........ccccccccovviviiininiiiiniiiiiiciceene 63
3.3.6. Strength Training Program ..o, 63
3.3.7. Statistical ANAlySiS........coeueveieieiiiciciccc e 68
3.4. RESUILS...cvtiiitctiiittciitsssssssssesessssessasassssssssasssssae 68
3.5. DiSCUSSION u.cucuirititiricriintiicsitiiieiniisseineessesssesssisssssssesssssssssessassssaseasenes 71
3.6. CONCIUSIONS...cutriririiriririinrisiiirisiitssiiiseseitssesesessssisesssssassssesssssasssssas 73

IV - The Differential Effects of Two Complementary Sprint-Based Training

Programs on Sprint Performance in Professional Female Soccer Players........... 76
4.1. ADSEAC ottt se bbb bene 76
4.2. INtrOdUCHON .ttt sesesene 77
4.3. MEthOd.....t s be e 79
4.3.1. Study DeSign ......vvviiiieieee 79
4.3.2. Participants ... 79
4.3.3. Procedures .........cccoviiiiiiniiiiiiiciciciccccc s 80

4.34. L@ ettt st st e b e e s 81



4.3.5. Statistical ANAlySiS........cccoeveueieieieiiiicc 83
4.4. RESUILS...cviririititiiiritiiitiinnsisessssssssssssssssssssssassssssssassssssas 83
4.5. DiSCUSSION w.cetiriitiiitiritiietiiinieneisensesesssessssessesssessssesssessasessasessanes 84
4.6. CONCIUSION ..ottt s s sesssssssesssssssssssssns 87
V- Implementing a Two-Season Traditional Strength Training
Intervention: Chronic Adaptations in Physical Fitness and External Match
Demands of Elite Young Female Soccer Players...........ceeueuerenenenininincncnccncncncncnnnns 90
5.1. ADSEITACE ..ottt a s s s s b nne 90
5.2. INEFOAUCHON cuvennirrcrittitcittctctetssaeessseseasasseaes 91
5.3. 11 1524 1 0T N 92
5.3.1. StUAY DESIZN ...t 92
5.3.2. Participants ... 93
5.3.3. PrOCeAUIES ......oviiiiiiiiiiciccc e 94
5.3.4. TSt 94
5.3.5. Intervention Program...........cociiiiiiiii 95
5.3.6. Statistical ANAlySiS........cooeueueieieiccccc e 97
5.4. ReESULES ..ottt sss s ssss s s senesene 97
5.5. DiSCUSSION c.uceecreiriereniintiteeinsereeisnseeissesesesssssssssssssesssssssssssssssssssasessass 101
5.6. CONCIUSIONS.....cvrrriritirirititititeeeeee s ssss s asssasasasans 104
VI - CONCLUSIONS AND PRACTICAL APPLICATIONS. .......cccocvvucunee 106
6.1. CONCIUSIONS....cvrrriritiririnitititiieieeee s ssesesesesesessssssssss s ssssasasasans 106
6.1.1. General CONCIUSION .......cccviuiviiiriiiiciicicc e 106
6.1.2. Specific CONCIUSIONS......c.cueuiiiiiiiiiiiiiciiccce e 106
6.2. Practical APPlications ........cccveeivecrirenriseninniinnneniessisinsisessessssessssessescenes 107
VII - LIMITATIONS AND FUTURE WORK .....iriiiiiisisnenenesenenenenens 110
7.1. Limitations ...eeeeeieeeenininceintcteeintneetnseseeestsse s ssssassessssassessssssaes 110

7.2.

FULULE WOTK cuaueeeeeenereereiereeeenereeeessneesessaneesssssssesssssssesssssssesessassessssassessssanse 111



VIII - BIBLIOGRAPHICAL REFERENCES. ........cvinirninenenrcnncnnisncsensessensens 114
IX - APPENDICES.......coiiitiriritiininininsissississesssssissssessessssessessssssssessssssssssess 144

Appendix 1. Study 1: Impact of a 10-week Strength Training Program on
Performance and match External Load in Young Elite Female Soccer Players ... 144

Appendix 2. The Informed CONSENt ......eeeveerrerinerereenessssisssssesssssssssssesssssssssssssseseses 159
Appendix 3. The Ethical Committee APProval .......ceeneievesnncesesenninesesnsseneanns 161



ACRONYMS AND ABBREVIATIONS

The abbreviations of the units from the International System Units are not
included in the following list as there are internationally accepted standards for
their use. In addition, no abbreviations universally used in statistics are presented

in this section.

1RM, One Repetition Maximum
ACL, Anterior Cruciate Ligament
CG, Control Group

CM], Countermovement Jump
CSTT, Complementary Strength Training Program
EG, Experimental Group

ES, Effect Size

GPS, Global Positioning System
HIR, High-Intensity Running
HSR, High-Speed Running

MIST, Modified Integrated Sprint Training
ROM, Range of Motion

RSA, Repeated-Sprint Ability

S1, Season 1

S2, Season 2

SD, Standard Deviation

ST, Strength Training

TD, Total Distance

TST, Traditional Sprint Training
VHSR, Very-High-Speed Running
Vmax, Maximum Velocity
VO;max, Maximal Oxygen Uptake
WSL, Women's Super League

A (%), Percentage of Change



LIST OF FIGURES, TABLES AND APPENDIXES

LIST OF FIGURES

Figure 1. CONSORT diagram of participant’s recruitment, allocation, follow-up,

and ANAlYSIS.....c.civiviiiiiiii s 61

Figure 2. Individual changes in physical performance and match load variables
before (baseline) and after (post training) the 10-week intervention period.

Abbreviations: CG = control group; EG = experimental group.........ccccccceuvuvuirnnes 70
Figure 3. Within-group changes in CMJ and VOmaX........cccocevvuviniiininiiinicinicicicncnnes 99
Figure 4. Within-group changes in TD, VHSR and Vmax .........cccccocoeeveiiinincnnnnes 100



LIST OF TABLES

Table 1. Year-on-year growth in soccer publications...........cccccoevvveviiniiiieinccccnnes 26
Table 2. Session 1 for the complementary strength training program.................... 64
Table 3. Session 2 for the complementary strength training program.................... 66

Table 4. Changes in physical performance and match load variables before

(baseline) and after (post-training) the 10-week intervention period...................... 69
Table 5. Modified Integrated Sprint Training (MIST) ........cccccovvviiiinininiicinnes 82
Table 6. Traditional Sprint Training (TST).......ccccceeviiinniiicccc e 83
Table 7. Changes in physical fitness and match load variables before (baseline) and
after (post-training) the application of the sprint-based training programes. ......... 84
Table 8. Session-1 for the Traditional Strength Training Program..............c........... 96
Table 9. Session-2 for the Complementary Strength Training Program................. 96

Table 10a. Descriptive data related to physical fitness and match load variables
across the 2-years folloW-Up .......cccoviriininiiiccc e 97

Table 10b. Descriptive data related to physical fitness and match load variables
across the 2-years folloW-Up .......ccccviriiiiiiiicc e 98

Table 11. Between-groups differences in physical fitness and match load variables

across the 2-years folloW-Up ........ccovrriiiiiiiniiicc e 101



APPENDIXES

Appendix 1. Study 1: Impact of a 10-week Strength Training Program on
Performance and match External Load in Young Elite Female Soccer Players ... 144

Appendix 2. The Informed Consent ............ccooueveieieieicicciiccccce 159
Appendix 3. The Ethical Committee Approval ...........ccccerriiiiiiiii 161



I-INTRODUCTION



CHAPTER I -INTRODUCTION 24

I- INTRODUCTION

Soccer is widely regarded as the most popular sport in the world, with more
than 265 million active participants across continents (Fédération Internationale de
Football Association [FIFA], 2007). Beyond its role as a global cultural
phenomenon, soccer has become an important focus of scientific inquiry,
particularly in the areas of performance optimization, health promotion, and social
development. Over the last three decades, women’s soccer has grown significantly
in participation, visibility, and professionalization, with milestones such as the
establishment of the FIFA Women’s World Cup in 1991 and the expansion of elite
domestic leagues (FIFA, 2023a; FIFA, 2024).

Despite this progress, research on female players continues to lag behind that
on male athletes, resulting in knowledge gaps that limit the development of
evidence-based training practices (Kirkendall & Krustrup, 2022). Historically,
much of the literature on soccer performance has been extrapolated from studies in
men, overlooking the physiological, biomechanical, and sociocultural
particularities of women athletes (Fink, 2015). Addressing these disparities is
essential, not only to improve performance but also to enhance player welfare and

long-term development.

In contemporary soccer, performance is strongly linked to the ability to
execute high-intensity actions, including sprints, accelerations, and repeated
changes of direction, while sustaining overall endurance demands throughout
competition (Beato et al, 2023). Female players encounter additional
considerations such as hormonal fluctuations, lower absolute muscle mass, and
higher susceptibility to injuries such as anterior cruciate ligament (ACL) tears
(Herzberg et al., 2017; Hewett et al., 2006b; Randell et al., 2021). These factors
highlight the importance of developing training interventions that are both context-
specific and scientifically validated.
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The purpose of this thesis is to examine the effects of structured strength and
sprint-based training interventions on the physical fitness and match performance
of female soccer players. By integrating controlled physical testing with applied
match data, this work aims to provide new insights into how targeted conditioning
strategies can improve athletic performance, reduce injury risk, and contribute to

the ongoing professionalization of women’s soccer.

1.1. CONTEXTUAL APPROACH TO SOCCER

Soccer is the most popular sport globally, with over 265 million participants,
showecasing its universal appeal and cultural significance (FIFA, 2007). This global
reach further underscores the game's ability to unite diverse communities, promote
social inclusion, and act as a platform for cultural exchange. Despite its role as a
unifying force, the sport has historically been male dominated in participation and
representation. While professionalization has advanced rapidly in men’s soccer,
women's soccer has traditionally lagged behind due to systemic inequities,
including uneven access to funding and limited media exposure. These disparities
have resulted in a gender imbalance in the development and visibility of women’s

soccer, emphasizing the need for structural changes.

The first recorded international women's football match was in Edinburgh in
1881, featuring Scotland and England. Women's football developed gradually,
gaining traction during World War I as women took over roles in factories and on
the pitch. However, a significant setback occurred in 1921 when the Football
Association in England banned women from playing, followed by similar bans in
France (1932), Germany (1955), and Brazil (until 1979). While the first men's FIFA
World Cup was held in 1930, the women's equivalent did not begin until 1991
(Nassis et al., 2021). Since then, the sport has seen steady growth, with the 2023
Women's World Cup attracting a record 2 billion viewers (FIFA, 2023a). This rising
popularity has also contributed to an increase in scientific research, as shown on
the table below which is extrapolated from Figure 1 from Kirkendall & Krustrup,
2022.
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Table 1. Year-on-year growth in soccer publications

Female Male Female Male

Soccer Soccer Professional Professional
2000 30 270 2 18
2019 380 1170 12 348
20002019 1167% 333% 500% 1833%

% Increase

As the table highlights, even though there has been a welcome increase in
research in the number of articles on women'’s soccer, based on the output of
articles it can be inferred that research on especially on professional women’s

soccer is still lagging behind compared to men’s soccer.

Nonetheless, women's soccer has seen remarkable growth, highlighted by
key events and initiatives addressing inequalities. The number of women and girls
participating in organized football has increased by nearly a quarter since 2019,
reaching 16.6 million in 2023 (FIFA 2023b). The establishment of the FIFA Women's
World Cup in 1991 marked a crucial milestone, providing a platform for female
athletes to show their talents on a global stage. This, along with the growing
visibility of professional leagues like the National Women'’s Soccer League (NWSL)
in the United States and the Women’s Super League (WSL) in England, has
elevated the status of women's soccer, inspiring millions of young athletes

worldwide.

Furthermore, global movements advocating for gender equality in sports
have further propelled the growth of women's soccer, with organizations like Equal
Playing Field and campaigns such as #ChangeTheGame supporting the cause. In
2018, FIFA introduced its first-ever global women’s football strategy, outlining how
it would collaborate with its stakeholders. At the forefront of women’s football is
the FIFA Women’s World Cup™ —the greatest catalyst driving the game's growth
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every four years. The 2015 edition in Canada drew unprecedented interest, with
over 750 million fans tuning in worldwide. In France in 2019, the tournament
reached new heights, with 1.12 billion viewers experiencing the magic of the
competition across more than 200 territories. Then, in 2023, the FIFA Women's
World Cup in Australia and Aotearoa, New Zealand, went #BeyondGreatness,
attracting a global audience of over 2 billion supporters and filling stadiums with
almost 2 million spectators (FIFA, 2024).

Despite these advancements, significant challenges remain. Women'’s soccer
players encounter unique physiological and biomechanical factors that affect their
performance and training needs. Hormonal fluctuations, such as those related to
the menstrual cycle, can influence energy levels, recovery, and injury risk
(Herzberg et al., 2017; Randell et al., 2021). Moreover, variations in muscle mass
and neuromuscular coordination lead to a higher vulnerability to anterior cruciate
ligament (ACL) injuries in women athletes, a critical concern widely documented
in sports science literature as women have a higher risk than men (Herzberg et al.,
2017; Hewett et al., 2006b; Randell et al.,, 2021). These factors highlight the
importance of customized training programs that cater to the specific requirements

of women players to improve performance and reduce injury risks.

The evolution of modern women's soccer has introduced new physical and
tactical demands, emphasizing speed, power, and endurance. Players are now
expected to perform at levels comparable to their male counterparts, focusing more
on high-intensity actions such as sprints, accelerations, and decelerations (Beato et
al., 2023). This shift highlights the importance of developing targeted strength and
conditioning interventions, which are crucial for meeting the increasing physical
demands of the game (McQuilliam et al., 2022). Such interventions must enhance
performance while accounting for the physiological differences unique to women
athletes, ensuring training programs are both effective and appropriate for long-

term development.

Furthermore, a bibliometric review of research in women's soccer reveals a

persistent knowledge gap, with much of the existing literature based on studies of
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male players (Kirkendall & Krustrup, 2022). While research focused on men
provides a foundational understanding of soccer performance, it often overlooks
the physiological, psychological, and social contexts unique to women athletes. For
instance, factors such as hormonal influences, differences in energy metabolism,
and the social pressures tied to gender roles in sports remain underexplored in
women's soccer (Chalabaev et al., 2013; Herzberg et al., 2017). Addressing these

gaps is crucial for advancing evidence-based practices tailored to women players.

Professionalizing women's soccer has also sparked discussions about broader
societal issues, including gender equity, media representation, and the
commercialization of women’s sports (Fink, 2015). While media coverage of
women's soccer has improved, it remains disproportionately low compared to
men's soccer, limiting the sport’s commercial potential and ability to attract
sponsorships and investments. This lack of visibility affects the financial
sustainability of women's soccer leagues and the aspirations of young girls seeking
role models in the sport. Bridging this gap requires collaborative efforts between
governing bodies, media organizations, and sponsors to ensure equitable

representation and support for women athletes.

In conclusion, while women’s soccer has made remarkable progress in recent
decades, it remains a work in progress with numerous challenges that must be
addressed to achieve full equity with male soccer. Advancing research tailored to
women athletes, improving access to resources, and fostering a culture of
inclusivity within the sport are critical steps toward realizing the full potential of
women’s soccer. As the sport continues to grow, it promises to transform the
landscape of soccer and serve as a powerful catalyst for gender equality and social
change in the broader sports industry.

1.2. MATCH RUNNING DEMANDS IN FEMALE SOCCER

Soccer is a physically demanding sport that requires players to engage in a
combination of aerobic endurance and high-intensity anaerobic actions, such as
sprints, accelerations, decelerations, and directional changes. These physical

demands are particularly crucial in modern women’s soccer, where the pace of the
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game and the frequency of high-intensity actions have significantly increased in
recent years assuming trends are similar to men’s soccer (Bush et al. 2015).
Understanding these demands becomes essential for designing training programs
that optimize player performance, minimize injury risk, and maintain high-

performance levels throughout a match as the sport evolves.

1.2.1. Total Distance and High-Intensity Running

The physical demands of elite women's soccer involve significant locomotor
activity, as players cover extensive total distances (TD) and frequently execute
high-intensity efforts throughout a match. These demands can vary by playing
position, leading to distinct external match loads and noticeable individual
differences within each position (Winther et al., 2021). For example, during a full
match, the average total distance (TD) recorded for various positions highlights this
individual variability: center backs (CBs) generally cover approximately 8,934+264
m, while full backs (FBs) average 95904255 m. Central midfielders (CMs) typically
cover 9,982+229 m, and wide midfielders (WMs) cover an average of 10,131+284 m.
Forwards (FWs) also show a notable TD of 9,376+311 m. These figures consistently
indicate that wide players (FBs and WMs) and central midfielders cover more total
distance during a full match than CBs (Winther et al., 2021).

A significant proportion of this total distance is achieved at high-intensity
speeds, with approximately 17% of the total distance covered at speeds exceeding
18 km/h (Andersson et al., 2010; Datson et al.,, 2014; Mohr et al., 2008; Pérez
Armendadriz et al., 2024). High-intensity running (HIR) is one of the most crucial
factors determining match outcomes, as it is frequently linked to key moments such
as counterattacks, defensive recoveries, and set-piece plays. Research indicates that
top-class soccer players performed more high-intensity running during a match
compared to moderate professional players, underscoring the significance of this
metric in player performance. While specific speed thresholds for high-intensity
running (HIR), high-speed running (HSR), and very high-speed running (VHSR)
can vary across studies, a systematic review highlights considerable variability in
HSR thresholds (ranging from 11.1 to 21.6 km/h) and sprinting (from 15.0 to 30.0
km/h) (Nieto-Acevedo et al., 2025). The mean velocity for the HSR threshold is 16
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km/h, with 18.0 km/h being the most frequently used, while sprint thresholds
average around 21 km/h (Nieto-Acevedo et al., 2025). Official UEFA and FIFA
reference thresholds for women's soccer include 19 km/h for HSR and 23 km/h for
sprinting (Nieto-Acevedo et al., 2025). Common definitions in research include HIR
at 15 km/h and HSR at 18 km/h (Winther et al., 2021). VHSR is frequently defined
at thresholds such as 19 km/h (Olaizola et al., 2024). Positional analysis further
reveals notable differences in these high-intensity efforts; for example, WMs
demonstrate the highest HIR distances (2143+109 m at 15 km/h) and HSR distances
(805+62 m at 18 km/h), significantly surpassing CBs who cover 131399 m and
340+38 m, respectively (Winther et al., 2021). Similarly, CMs and FBs also exhibit
greater high-intensity running volumes compared to CBs and FWs (Winther et al.,
2021). Mohr et al. (2008) also specify that HIR accounts for about 1.31 km (range:
0.71-1.70 km) of the total distance, performed through roughly 125 efforts (range:
72-159) lasting 2.3 seconds on average (Mohr et al, 2008). Furthermore,
professional female players in domestic leagues typically cover around 500 m at
speeds above 19 km/h and 125 m at over 22.5 km/h (Olaizola et al., 2024). The
comprehensive body of evidence underscores the highly variable and position-
specific nature of total distance and high-intensity running demands in elite
women's soccer, emphasizing the critical need for tailored training interventions to
optimize performance and manage fatigue effectively across different playing roles

and competitive standards.

In addition, research on female soccer matches shows that players vary the
activity intensity approximately 1350 times during the 90 minutes (Mohr et al.,
2008), with anaerobic variables such as the number of sprints and high-intensity
bouts approximately 24 and 140 times respectively (Andersson et al., 2010; Mohr et
al., 2008). These variables highlight the need for targeted interventions, particularly
strength and conditioning programs to improve high-intensity running abilities

and sprinting performance in women’s soccer players.

Lastly, recent advancements in performance analysis, particularly through
the utilization of GPS technology, have significantly enhanced the tracking of high-
intensity metrics, such as peak velocities, high-intensity running distances, and

recovery times between sprints (Ferraz et al., 2023). These developments furnish
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coaches with actionable insights, enabling the effective customization of training
programs. The integration of GPS tracking and video analytics into training
routines can further augment the evaluation of player performance in high-

intensity actions, thereby aiding in the optimization of match readiness.

1.2.2. Sprinting and Acceleration Demands

Sprinting and accelerations are among soccer's most critical high-intensity
actions, as they allow players to create space, recover defensively, and seize goal-
scoring opportunities. Depending on their positional roles, women soccer players
perform approximately 20 sprints per match, with the mean sprint distance being
approximately 13 meters (Andersson et al., 2010). Baumgart et al. (2018) compared
the sprint mechanical properties of female and male top-level soccer players. The
study found that elite male players reached a peak sprint velocity of approximately
8.9 m/s. In contrast, female players achieved a peak speed of approximately 7.4 m/s.
For power outputs, the study found a peak of approximately 1440 W for the top-
level males and approximately 820 W for the top-level females (Baumgart et al.,
2018). As is evident, overall, the sprint mechanical properties were found to be
lower for female top-level soccer players, however this does not diminish the need
for tailored interventions to enhance sprint mechanics and by monitoring player
progress by measuring metrics such as maximum speed, and power outputs,
tailored training interventions can be provided in order for female players to reach

their full potential.

Accelerations and decelerations are equally demanding for players, the meta-
analysis by Pérez Armendariz et al. (2024) summarized that female players
completed a total of 165 + 129 acceleration and 146 + 141 deceleration actions during
the match. These movements can place significant stress on the neuromuscular and
skeletal systems, which could increase the risk of injuries such as muscle strains
and ligament tears. Effective training programs that emphasize eccentric strength,
lower-limb stability, and deceleration mechanics are essential for reducing the risk
of injury while enhancing acceleration performance. For example, exercises
targeting the posterior chain, such as Nordic hamstring curls, single-leg squats, and
resisted accelerations, have been shown to improve strength, sprint performance
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and lower injury rates in athletes (Ishei et al.,, 2018; Mendiguchia et al., 2020;
Mijolsnes et al., 2004; Petersen et al., 2011).

1.2.3. Repeated-Sprint Ability (RSA)

Repeated-sprint ability (RSA) reflects a player's capacity to perform multiple
sprints with minimal recovery and is particularly critical during the latter stages of
matches, where fatigue often impairs performance. Women soccer players with
higher RSA are better equipped to sustain high-intensity efforts throughout a
match, providing a competitive advantage during periods of fatigue (Armada-
Cortés et al. 2022; Torreblanca-Martinez et al. 2020). RSA is essential for players in
positions that require frequent sprints and recovery, such as forwards and wingers
(Cetin & Kogak, 2022).

A meta-analysis conducted by Liu et al. 2024 found that combined training
that includes both plyometric and sprint exercises significantly improves repeated
sprint ability in team-sport athletes when compared to single-method or traditional
training. These results emphasize the importance of using comprehensive training
programs to enhance key performance indicators in team sports. In addition, the
direct impact of RSA improvements on match performance metrics, such as sprint
frequency, recovery time, and total high-intensity distance, remains underexplored

particularly for women’s soccer.

1.2.4. Season Program and Fatigue-Related Variations

Match running demands vary throughout the in-season mesocycle based on
fluctuations in match frequency, recovery time, and cumulative fatigue.
Performance decrements and injury risks are expected to be more pronounced
during critical season periods (Dellal et al., 2013). Fatigue disproportionately
impacts high-intensity actions, with significant declines observed in sprint
frequency, high-intensity running distances, and RSA during the toward the end
of elite female soccer matches (Krustrup et al., 2010) or by extension during the
second half (Harkness-Armstrong et al., 2022).
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To reduce the performance declines mentioned earlier, it is essential to use
training methods that boost fitness results without causing excessive fatigue.
Gonzalez-Badillo et al. (2016) recommended completing only half of the maximum
possible repetitions during strength training sessions. Their findings indicated that
this strategy led to a greater mean repetition velocity, reduced neuromuscular
fatigue, quicker recovery, and lower hormonal stress and muscle damage
compared to training to failure. Despite these promising results, this approach has
not yet been examined in female youth athletes to determine its potential impact

on physical fitness measures.

Additionally, incorporating recovery protocols such as active recovery, foam
rolling (i.e.,, Self-Myofascial Release), and cold-water immersion will enhance
recovery rates and reduce performance loss due to fatigue throughout the season
(Haller et al., 2022; Versey et al., 2013). However, research on the impact of strength
and conditioning programs on match performance outcomes for women’s soccer
players remains insufficient. This further underscores the need for further research
to gain insight into optimizing training loads alongside recovery strategies and

sustaining consistently high performance over competitive seasons.

The demands of running in women’s soccer are complex and multifaceted,
necessitating a comprehensive training and performance optimization approach.
Addressing the needs for high-intensity running, sprinting, accelerations and
decelerations —along with RSA and positional roles —requires coaches and sports
scientists to develop evidence-based training programs that target the specific
requirements of women's soccer players. As the game evolves, investing in research
becomes crucial to helping players perform at the highest competitive levels while
reducing injury risks.

1.3. PHYSICAL FITNESS IN FEMALE SOCCER PLAYERS

Physical fitness is crucial for soccer performance. It enhances the players'
ability to meet the demands of the soccer game, both physically, tactically, and
technically. In women’s soccer, the physical demands of the game have increased
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significantly over the past decade due to the professionalization of the sport,
resulting in faster game speeds, more frequent high-intensity actions, and more
incredible overall physicality (Datson et al., 2014). Women's soccer players rely on
aerobic capacity, anaerobic power, muscular strength, explosive power, speed,
agility, and flexibility to perform these actions efficiently and sustain performance
across 90 minutes of match play (Stolen et al., 2005).

While these components collectively influence performance, their
development must align with women athletes' unique physiological and
biomechanical characteristics. This includes hormonal variations (menstrual cycle),
lower muscle mass, differences in neuromuscular control, and a greater risk of
injuries, such as anterior cruciate ligament (ACL) tears (Herzberg et al., 2017;
Hewett et al., 2006b; Randell et al., 2021). Despite the growing body of research in
this area, significant gaps remain in understanding the specific needs of women
soccer players, as much of the existing literature is still extrapolated from studies

on male athletes.

1.3.1. Aerobic Capacity

Aerobic capacity provides the physiological foundation for soccer-specific
fitness, enabling players to maintain high work rates throughout a match and
recover efficiently between repeated high-intensity efforts. VO,max, a widely used
measure of aerobic fitness, typically ranges between 55 and 60 mL/kg/min in elite
women soccer players, although some studies have reported higher values among
top-performing athletes (Haugen et al., 2014; Xing et al., 2023). Studies have shown
that players with higher aerobic capacity, as measured by VO,max or the Yo-Yo
Intermittent Recovery Test Level 1 (YYIRLI), cover greater distances during
matches and maintain higher work rates (Bangsbo et al. 2008; Krustrup et al. 2005).
Additionally, other research suggests that players with greater aerobic capacity are
better equipped to cover longer distances during matches, sustain high-intensity
running, and recover more effectively during periods of fatigue (Mohr et al., 2008;
Andersson et al., 2010).
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As mentioned, midfielders, who often cover the most ground (10-12
kilometers per match), rely heavily on aerobic endurance to transition effectively
between offensive and defensive phases (Winther et al., 2022). However, aerobic
capacity benefits all positions by delaying fatigue, maintaining work rates, and
supporting recovery during critical moments, such as counterattacks or defensive

recoveries.

Aerobic capacity alone cannot meet soccer's dynamic demands despite its
importance. Instead, it must complement anaerobic capacity. In addition, strength-
focused training is crucial in order to optimize high-intensity running capacity and

recovery capabilities (Bangsbo et al., 2006, 2008).

1.3.2.  Anaerobic Capacity and Power

Anaerobic power is critical for executing short bursts of high-intensity
activity, such as sprints, accelerations, and decelerations. These actions often
determine the outcome of critical match moments, such as counterattacks, set
pieces, and defensive recoveries. Anaerobic power also underpins RSA, which
reflects a player's capacity to perform multiple high-intensity sprints with minimal
recovery (Garcia-Calvo et al., 2025; Xing et al., 2023). Female soccer players
typically perform between 1000 to 1400 short-duration of maximal or near-maximal
intensity per match, relying heavily on the phosphagen and glycolytic energy
systems to fuel these efforts (Arazi et al., 2017; Haugen et al., 2014; Sporis et al.,
2011). However, women’s soccer players generally exhibit lower anaerobic power
than their male counterparts due to reduced muscle mass and differences in type
IT (fast-twitch) muscle fiber composition (Krustrup et al., 2022). Despite these
physiological differences, a few studies have shown that specific training
interventions can significantly improve anaerobic power, thus enabling women to
narrow the gap in performance for critical components (Buchheit et al., 2010; Rey
et al., 2024).

Quantitative assessments of anaerobic power in women’s soccer often

include short sprint tests (e.g., 10 m, 20 m, 40 m), vertical and horizontal jump tests,
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and repeated sprint ability (RSA) evaluations such as the Repeated Anaerobic
Sprint Test (RAST) (Arazi et al., 2017; Osses-Rivera et al., 2024). Haugen et al. (2014)
reported that national-level female players were significantly faster over 20 meters
and exhibited superior countermovement jump (CMJ) performance than their
lower-division counterparts, suggesting a strong relationship between anaerobic
power and playing level. Similarly, Emmonds et al. (2019) found that reactive
strength, particularly measured through drop jump (DJ) and CMJ height, was
highly predictive of sprint speed and change-of-direction (CoD) ability, indicating

that anaerobic qualities are key to effective movement in match situations.

Perroni et al. (2019) analyzed energy system contributions during RSA testing
in an elite female soccer player and found that although the aerobic system
provided the majority (~80%) of the total energy, the anaerobic systems were
critical in delivering the peak outputs required for sprint performance, particularly
in the initial repetitions. This underscores the dual role of energy systems but
confirms the centrality of anaerobic power in high-quality efforts. Arazi et al. (2017)
further demonstrated that speed-based high-intensity interval training (HIIT)
elicited greater improvements in anaerobic power and fatigue resistance than heart
rate-based HIIT, supporting the idea that the nature of training stimuli influences
the development of anaerobic performance. Additionally, biomechanical
asymmetries, such as those observed in unilateral horizontal jumps, have been
linked to reduced vertical jump height and CoD performance, as shown by Roso-
Moliner et al. (2023), implying that physical imbalances may impair anaerobic

efficiency and athletic performance.

In conclusion, anaerobic power is a crucial element of physical fitness in
female soccer players, directly contributing to the performance of key actions such
as sprints, jumps, and repeated high-intensity efforts. The literature consistently
supports the relationship between anaerobic power and game-specific
performance, emphasizing the need for regular assessment and targeted
development of these physical qualities to enhance athletic outcomes and reduce

injury risk in elite female soccer populations.
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While some articles focus on anaerobic power, still more research is needed
to understand how these adaptations translate to match-specific metrics, such as
sprint frequency, total high-intensity distance, and recovery efficiency in women’s

soccer players.

1.3.3. Muscular Strength and Explosive Power

Muscular strength and explosive power are essential for nearly all soccer-
specific actions, including sprinting, speed, agility, jumping, tackling, and rapid
directional changes. Strength provides the base for force production, while
explosive power determines the speed at which this force can be applied. Both are
critical in modern soccer, where the frequency and intensity of sprints and aerial
duels have increased significantly (Suchomel et al., 2016). Furthermore, those allow
players to generate chances at goal, regain possession defensively, and avoid being
challenged by an opponent (Andersson et al., 2010). Speed includes sprinting
attributes, such as acceleration, top speed reached, and deceleration, while agility
refers to the capacity to change direction quickly. As mentioned previously,
women’s soccer players perform an average of 20 sprints per match, typically over

distances of 13 meters (Andersson et al., 2010).

Nimphius et al. (2010) examined the relationships between strength, speed,
and COD performance in female athletes, revealing that relative strength exhibited
stronger correlations with sprint and COD performance than absolute strength.
This finding suggests that strength relative to body mass serves as a more accurate
predictor of physical performance in females. Pedersen et al. (2022) investigated
high-level female football players and reported no correlation between 1RM half
squat and match-play performance. However, they identified significant
associations between sprint times and CM] height, both of which are influenced by
muscle strength, and peak match speed, indicating a partial role of strength in
determining physical match performance. Wing et al. (2020) found a strong
correlation between predicted 1RM back squat strength and tackling success (r =
0.61), and noted that CMJ and squat jump heights were linked to heading success.
These findings support the conclusion that lower-body muscle strength plays a

crucial role in physical actions essential for performance in female soccer. Sporis et
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al. (2011) confirmed that in female soccer players, strength measures were
positively associated with both aerobic and anaerobic power, demonstrating that
muscular strength contributes to broader components of physical fitness, including
energy system performance. Pecci et al. (2023) identified sprinting, COD, and CM]
height as discriminatory factors of competitive level in professional female soccer
players, emphasizing lower-limb strength as a key contributor to these physical
fitness variables. Fristrup et al. (2024) evaluated strength tests in elite female
athletes and found excellent test-retest reliability in knee extensor and flexor
strength, indicating that these reliable strength indicators are useful for assessing
and tracking physical fitness in female team sports. Nasiss et al. (2021) highlighted
the increasing focus on elite women’s football and stressed the importance of
understanding physiological demands specific to female athletes, identifying
strength as central to physical performance and resilience in female soccer, as
recognized by both players and coaches. Darragi et al. (2024) reported that higher
strength levels in elite young female soccer players were associated with improved
performance in physical fitness indicators such as countermovement jump, sprint
speed, and repeated shuttle runs. Additionally, players with higher strength had
lower injury incidence, indicating a dual role of strength in enhancing fitness and
reducing injury risk. Liu et al. (2024) demonstrated through a meta-analysis that
repeated sprint ability, a key component of physical fitness in soccer, is
significantly influenced by muscle strength and neuromuscular capacity. The
findings emphasized that stronger muscles enable better performance and recovery

in repeated high-intensity efforts.

1.3.4. Relationship Between Physical Fitness and Match Running Demands

The physical demands that occur while playing soccer (referred to as "match
running demands", such as sprinting, jogging, or covering long distances during a
match), are closely related to specific components of physical fitness (like
endurance, strength, speed, and agility). This relationship shows that different
aspects of a player’s physical fitness each play a role in how well they perform in
soccer. Aerobic capacity is the foundation of soccer-specific fitness, enabling
players to sustain high work rates over prolonged periods and recover efficiently
between bouts of high-intensity actions (Slimani et al.,, 2019). Studies have
consistently shown that players with higher aerobic capacity, as measured by
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VO:;max or the Yo-Yo Intermittent Recovery Test Level 1 (YYIRL1), cover greater
distances during matches and maintain superior work rates (Bangsbo et al. 2008;
Krustrup et al. 2005). For example, midfielders, who usually run 10-12 kilometers
during a match, depend largely on aerobic stamina to sustain their ongoing
movement and help quick switches from attacking to defending roles (Winther et
al., 2022).

While aerobic capacity underpins total distance covered and recovery,
anaerobic power and muscular strength play pivotal roles in HIR, sprinting
performance, and RSA. HIR is crucial in decisive match scenarios, such as
counterattacks, defensive recoveries, and goal-scoring opportunities. Elite
women’s soccer players typically cover 8-15% of their total match distance at high-
intensity speeds (>18 km/h), underscoring the importance of anaerobic power in
modern soccer (Andersson et al., 2010; Datson et al., 2014; Mohr et al., 2008; Pérez
Armendariz et al., 2024). The players’ improved strength and power enhance their
ability to perform more sprints, accelerate more quickly, and sustain greater
distances at high intensity, thereby increasing their chances of winning critical
phases of the game (Stolen et al., 2005).

Repeated sprint ability is an important factor for match performance; it
indicates the player's ability to perform sprints several times with short recovery
periods. Some studies show significant correlations between RSA, total distance
covered, and high-intensity actions during matches. It can be genuinely interpreted
that it contributes massively to effective soccer competition (Buchheit et al., 2010;
Mujika et al., 2009; Rampinini et al., 2007). Athletes with better RSA maintain high-
intensity efforts toward the end of a match; hence, it is a critical player quality in a
game situation when fatigue has usually set in and can be expected to diminish
performance. Training interventions such as repeated sprints and high-intensity
interval training have drastically improved RSA, subsequently improved sprint
frequency and recovery time, and increased match performance metrics (Armada-
Cortés et al., 2022; Buchheit et al., 2010; Torreblanca-Martinez et al., 2020).



40

The neuromuscular fitness attributes, sprint speed, and explosive power will
further complement a player's ability to meet match-play demands. For instance, it
has been previously established that faster sprint times (10-meter sprint) will likely
cause more acceleration during a match. In contrast, greater lower-body power, as
defined by countermovement jump performance, does relate to the better execution
of high-intensity movements (Papla et al., 2020). These findings highlight that
strength and power development are key in supporting offensive and defensive

actions and sustaining repeated high-intensity activities in a match.

The diversity in physical fitness demands of the different roles thus reinforces
the need to adopt a specific training approach for each role. Midfielders typically
rely heavily on aerobic capacity in support of their high work rates and repeated
high-intensity actions over considerable distances. Forwards derive more from
anaerobic power and speed, less from aerobic capacity, and more from sprinting to
exploit scoring opportunities (Sanchez-Abselam et al., 2024). Defenders emphasize
strength, power, and agility to make quick changes of direction and effective
defensive actions. Goalkeepers, who have less distance covered in terms of overall
running, depend upon explosive strength and reaction time for the execution of

high-intensity movements like diving and saving (Sanchez-Abselam et al., 2024).

Another important factor is injury prevention. Match demands combined
with physical fitness play a key role in this regard. Aerobic capacity enables
recovery between high-intensity actions more quickly, while strength training
improves stability at the joints and control by the neuromuscular system, which
reduces fatigue-related injuries (Slimani et al., 2019). Other components, like
flexibility and mobility, do not get the recognition they deserve but are also very
important in reducing injury risk such as ACL during high-intensity play (Hewett
et al., 2006a; Hewett et al., 2006b). Training programs that include flexibility can

increase the quality of movement and injury robustness.

The research gaps are still profound in women’s soccer. Most of the available
evidence comes from research conducted on male soccer players; as such, it cannot

be directly applied to women athletes. Few longitudinal studies have been
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conducted to assess the impact of training interventions on parameters specific to
women, such as sprint frequency, recovery efficiency, and injury resilience. Also,
research on the interaction between different fitness components—strength,
aerobic capacity, and flexibility —in women’s soccer is limited. Such gaps must be
addressed so that football-specific, evidence-based training regimes can be

constructed for women that enhance performance while reducing injury potential.

1.4. STRENGTH TRAINING METHODS FOR IMPROVING PHYSICAL FITNESS
PERFORMANCE

Strength training is an essential part of soccer physical preparation as
muscular strength plays a pivotal role in athletic performance. Evidence supports
its role in building muscular strength, power, and neuromuscular coordination,
enhancing athletic performance (Stone et al., 2022) and decreasing the potential
injuries (Suchomel et al., 2016). Muscle training plays a crucial role for soccer
players in bridging performance gaps caused by physical differences, thereby
helping them meet the demands of modern soccer, including intense acts, quick
runs, and powerful moves (Suchomel et al., 2016; Turner et al., 2013). It is
anticipated that increased strength is associated with improved sprint

performance, as concluded in a literature review by Suchomel et al. (2016).

Recent evidence from elite female soccer has also shown that targeted
strength interventions implemented during the competitive season can improve
both physical fitness and match-running performance. For example, in adolescent
elite female players, a 12-week in-season ST program with two weekly sessions
improved anthropometric and body composition characteristics, as well as
measures of physical fitness such as countermovement jump (CM]J) and repeated
shuttle sprint ability (RSSA), while reducing non-contact injury incidence
compared to a control group (Darragi et al., 2024).

Resistance training focuses on improving maximal strength and muscular
endurance through progressive overload. Exercises such as squats, deadlifts, and

lunges are widely used to target lower-body strength, which directly impacts sprint
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acceleration, jumping ability, and deceleration control (Wing et al., 2020).
Resistance training also contributes to injury prevention by strengthening muscles
and stabilizing joints (Darragi et al., 2024). A study has shown that strength and
resistance training enhance speed and change of direction performance (Liu et al.,
2024). Lower limb resistance exercise (RE) is also effective for improving running
economy and performance, and a combination of strength and plyometric training
is recommended to improve running economy. Lower limb RE may also change
some aspects of joint kinematics during running and help minimize the risk of

running-related injuries (Suc et al., 2022).

Regarding repeated sprint ability (RSA), which is crucial for team sports,
studies indicate that resistance training (RT) can improve RSA by enhancing
neuromuscular function, such as muscle strength and motor unit recruitment, and
boosting running economy. Combined training (CT) that integrates different
training methods, such as RT, plyometric training (PT), and sprint training (ST),
can efficiently enhance multiple physical qualities. Specifically, PT + RT has proven
effective in increasing neuromuscular performance, including 20-m sprint, squat
jump (power, velocity, force, and height). Additionally, PT + RT + ST can improve
repeated sprint mean and best time (Liu et al., 2024). Furthermore, a systematic
review indicates that resistance training (RT), or RT combined with other strength-
based exercises, performed for 4-12 weeks significantly enhances muscle power,
strength, speed, and jump performance in elite female athletes (Zouita et al., 2023).
Nonetheless, the optimal dosage of programming elements, including training
intensity and duration, required to achieve substantial improvements in muscular
fitness and its physiological adaptations, remains unclear for female elite athletes.
In a study examining resistance training effects during the menstrual cycle in
females, 12 weeks of submaximal resistance training (3 sets of 8-12 repetitions)
significantly increased maximum isometric force in all groups (BMI under, normal
BM]I, and over BMI) (Sung & Kim, 2019).

Plyometric training emphasizes explosive, high-velocity movements that
compose the stretch-shortening cycle. Exercises such as bounding, depth jumps,
and box jumps improve power output, sprinting speed, and agility (Ramirez-
Campillo et al., 2021; Sdnchez-Sanchez et al., 2024). For instance, Ozbar et al. (2014)
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conducted a study demonstrating that an 8-week plyometric training program led
to significant improvements in triple hop distance, countermovement jump,
standing broad jump, peak power, and 20-meter sprint performance among female
soccer players. In addition, Nonnato et al. (2022) studied the effectiveness of 12
weeks of plyometric (PLY) training on physical performance in professional female
soccer players during the season. A meta-analysis study by Pardos-Mainer et al.
(2021) found that plyometric training was better in enhancing the time of linear
sprint in female soccer players. They concluded that plyometric exercises
significantly improved sport-specific fitness parameters in professional female

soccer players during the season.

Eccentric training involves muscle lengthening under tension when the
external force exceeds the muscle's capacity to produce force. It is a powerful
method for enhancing critical attributes such as strength, power, and stretch-
shortening cycle efficiency due to its ability to generate high force at a lower
metabolic cost (Douglas et al, 2017). Eccentric training directly enhances
components vital for soccer, improving rapid strength, explosive power, and sprint
performance by enhancing motor unit recruitment and increasing muscle cross-
sectional area (Zhang et al., 2024). It also significantly increases jump height
through enhanced braking force and stretch-shortening cycle efficiency (Zhang et
al., 2024). Importantly, eccentric training enhances deceleration and COD speed,
directly conditioning muscles to handle the high forces involved in these agile
movements (Zhang et al., 2024). Beyond enhancing performance, a key benefit is
the prevention of injuries, particularly hamstring strains. Exercises like the Nordic
Hamstring Exercise (NHE) have consistently reduced the incidence of hamstring
injuries by 65%-70% (Petersen et al., 2011), with systematic reviews confirming a
decrease in overall lower extremity injuries, including those common in soccer (Hu
et al., 2023). These protective effects arise from adaptations in muscle structure and

increased fascicle length.

High-intensity interval training (HIIT) combines aerobic and anaerobic
conditioning to simulate match-specific demands. HIIT improves players” RSA,
fatigue resistance, and high-intensity running capacity by integrating short, high-
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intensity bouts of activity with brief recovery periods. It also supports overall
endurance and complements strength training interventions by targeting both
energy systems (Buchheit et al.,, 2010). Sprint-specific drills such as small-sided
games (SSGs) and HIIT can close the gap between training and match performance
by improving acceleration, speed, decision-making, and tactical awareness under
match-like conditions (Arslan et al., 2020; Eniseler et al., 2017, Wen et al., 2023).
HIIT has also been shown to be a valuable, time-efficient complement to
conventional training methods for improving strength, power, and neuromuscular

efficiency (Hung et al., 2025).

Isometric exercises involve holding static positions to strengthen and
stabilize specific joint angles. Isometric strength training (IST) presents several
advantages, including reduced fatigue, enhanced joint angle-specific strength, and
improved performance in activities such as running, jumping, and isometric holds
(Lum & Barbosa, 2019). IST can produce similar improvements in strength, power,
and speed compared to traditional strength training (ST), with significant gains in
dynamic strength and maximum velocity (Lum & Barbosa, 2019). Although power
improvements were not statistically significant, IST can be an effective alternative
to ST, particularly during congested fixture periods in soccer (Bailey et al., 2025).
Functional training (FT), which focuses on sport-specific movements that mimic
on-field demands, improves dynamic strength, balance, core stability, and overall
athleticism (Xiao et al., 2025). High-intensity functional training (HIFT) effectively
improves muscle strength, power, flexibility, and sport-specific performance,
although it has no significant impact on endurance and agility (Wang et al., 2023).
Targeted FT has been shown to improve anaerobic performance variables such as
vertical jump and 10-30 m sprint (Erol et al., 2023).

Taken together, these findings show that there isn't just one way to improve
physical performance in soccer, but rather a range of strength training methods that
target different physiological and performance outcomes. Resistance and
combined training are especially effective for building strength, power, and
repeated sprint ability; plyometric and eccentric exercises focus on explosive
qualities and injury prevention; HIIT provides game-specific conditioning; and

isometric and functional training help improve stability and sport-specific skills.
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This variety of methods highlights how adaptable strength training programs can
be to the demands of soccer and the specific needs of athletes, especially in the

female game.

Despite their proven effectiveness, strength training methods remain
underexplored in women’s soccer. Most research focuses on male athletes or lacks
direct assessments of how specific training programs affect match performance.
Addressing this gap is essential for optimizing training interventions tailored to
the unique needs of female players, as recent studies have shown that in-season
strength and sprint-based programs improved both testing and match performance

metrics in professional and elite youth female soccer players.

1.5. EFFECTS OF STRENGTH TRAINING PROGRAMS ON FEMALE SOCCER PLAYERS

Strength training programs are essential for optimizing physical fitness,
improving match performance, and mitigating injury risks in soccer players. In
women’s soccer, these interventions are particularly significant due to women
athletes' specific physiological and biomechanical characteristics, such as lower
absolute strength, higher susceptibility to ACL injuries, and unique hormonal
influences (Hewett et al.,, 2006a; Hewett et al., 2006b). Strength training directly
enhances aerobic capacity, anaerobic power, muscular strength, and biomechanical
efficiency, attributes critical for meeting modern soccer's growing physical and
tactical demands (Turner et al., 2013). However, research focusing on the effects of
strength training on women’s soccer players remains sparse, particularly regarding

its impact on match-specific performance and running economy.

1.5.1.  Effects on Physical Fitness Tests

Strength training interventions have shown significant improvements in key
performance metrics assessed through physical fitness tests directly related to
soccer-specific actions (Emmonds et al., 2019; Millar et al., 2020).
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1.5.1.1. VO;max (Aerobic Capacity)

VO;max is a critical determinant of aerobic fitness, allowing players to
sustain high-intensity efforts and recover more efficiently during matches. While
traditionally enhanced through endurance-based training, strength training
indirectly improves VO,max by reducing the energy cost of running at submaximal
speeds. Enhanced lower-body strength and neuromuscular coordination
contribute to better oxygen utilization, enabling players to sustain higher
workloads during competitive play (Haugen et al., 2014; Helgerud et al., 2001).
However, few studies have specifically examined this interaction in women’s

soccer players, leaving an opportunity for further research.

1.5.1.2.  Running Economy

Running economy, defined as the energy cost of running at a given velocity,
is crucial for conserving energy during prolonged high-intensity actions,
particularly in the latter stages of matches. Strength training —especially eccentric-
focused exercises—improves the stiffness of the muscle-tendon unit, reducing
ground contact time and enhancing biomechanical efficiency (Suc et al., 2022).
Improvements in running economy may benefit midfielders and defenders, who
require prolonged aerobic output during matches. While documented in male
athletes, limited research exists on the extent of these benefits in women’s soccer
players (Sanchez-Abselam et al., 2024; Winther et al., 2022).

1.5.1.3.  Sprint, Maximal Sprint Speed and Acceleration

Sprinting and accelerating are fundamental actions in soccer, contributing to
offensive plays, defensive recoveries, and transitions (Ozbar et al. 2014). A study
by Ozbar et al. (2014) demonstrated that an 8-week plyometric training program
resulted in an 8.1% improvement in 20-meter sprint performance among female
soccer players. Another study showed that resistance training and plyometric
exercises consistently improve COD speed and linear sprint in female soccer
players. (Liu et al., 2024). A review study conducted by Pardos-Mainer et al. (2021)
demonstrated that strength training (ST) enhanced 20-meter linear sprint speed,
while plyometric training (PT) improved 15-meter, 20-meter, and 30-meter linear
sprint speeds. Additionally, the study found that both PT and ST increased change
of direction (COD) speed, with PT providing a greater benefit in this regard.
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Contrary to expectations, Pedersen et al. (2022) did not find a relationship or effect

of improvements in maximal strength on the transfer to sprint performance.

1.5.14. Countermovement Jump (CM])

CM]J height is a critical indicator of explosive power, reflecting an athlete's
ability to perform aerial duels and rapid directional changes. Research on young
female soccer players has demonstrated that both back squats and hip thrusts likely
contribute to improvements in vertical jump height, ranging from 5% to 10%,
without affecting horizontal jump performance (Millar et al., 2020). Lesinski et al.
(2021) found that power training conducted throughout the season, at intensities of
50% to 95% of the 1-RM, enhanced countermovement jump (CM]) performance in
elite young female soccer players. Furthermore, a study by Fernandez Ortega et al.
(2020) indicated that a 12-week regimen of strength and power training, consisting
of three sessions per week, resulted in improvements in both CMJ and squat jump
(S]) performance. Additionally, Fischerova et al. (2021) reported that a six-week
strength training program, with two sessions per week at 50% to 85% of the 1-RM,
led to an 11% increase in CM] among highly trained female soccer players. The
review study demonstrated that both within- and between-mode analyses indicate
that plyometric training (PT) offers greater benefits than strength training (ST) in
improving vertical jump performance among female soccer players. The extent of
improvement was considered trivial for ST (ES = 0.13) and moderate for PT (ES =
0.81) (Pardos-Mainer et al., 2021). These improvements are directly transferable to

match scenarios.

1.5.1.5.  Repeated-Sprint Ability (RSA)

RSA is crucial for sustaining high-intensity sprints during matches, especially
in positions requiring frequent accelerations and decelerations (Datson et al., 2014;
Gabbett et al., 2013). Strength training has been demonstrated to enhance anaerobic
power and muscular endurance (Sporis et al., 2011), thereby facilitating quicker
recovery between sprints and maintaining RSA under fatigue conditions
(Rodriguez-Fernandez et al., 2019). Pardos-Mainer et al. (2021) found that both
plyometric training (PT) and strength training (ST) positively affect linear sprint
performance in female soccer players. The study by Osses-Rivera et al. (2024)
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indicates that complex/contrast training (CCT), performed at intensities between
75% and 90% of one repetition maximum (1 RM) and combined with jumps and
sprints, results in improvements in the best time, mean time, and total time of the
RSA test among elite female athletes during the competitive season. Additionally,
research by Goncalves et al. (2021) demonstrated that a coadjutant training
program, primarily focused on abductor (ABD) and adductor (ADD) isometric
strength exercises and the Yo-Yo Intermittent Recovery Test Level 1 (YYIR1), may
enhance the RSA of female soccer players and improve performance during critical
match phases. However, despite documented improvements in RSA, research
often fails to establish a direct correlation between these enhancements and in-

match sprint performance and recovery, particularly among female athletes.

1.5.2. Effects on Match Running Demands and Outcomes

Strength training programs significantly influence match running demands
by enhancing key physical attributes such as power, strength, and endurance
(Stone et al., 2022). These attributes directly translate to improved high-intensity
actions, sprint performance, and overall match performance (Suchomel et al., 2016;
Turner et al., 2013). These enhancements are critical for women’s soccer players,
who face increasing physical and tactical demands in the modern game (Beato et
al., 2023).

Research has explored multiple training approaches in soccer (Raya-
Gonzélez & Sanchez Sanchez, 2018), consistently demonstrating improvements in
players” physical fitness. In female athletes, Millar et al. (2020) showed that a six-
week back squat program with high school players improved vertical jump
performance, while Sporis et al. (2011) observed higher VO,max values after 12
weeks of strength training. Still, incorporating strength work into soccer
periodization is challenging due to the sport’s demanding and often unpredictable
schedule (Wing, 2018; Gualtieri et al., 2020). Given these constraints, programs
must balance performance gains with fatigue management. One proposed strategy
is limiting sets to half of the maximum possible repetitions (Gonzalez-Badillo et al.,
2016), which has been linked to faster repetition velocity, less neuromuscular

impairment, quicker recovery, and reduced hormonal and muscle stress compared
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with training to failure. To date, however, this method has not been applied to

female youth populations, leaving its effects on physical fitness outcomes untested.

From a practical perspective, strength and conditioning professionals
highlight that enhancing physical attributes is closely tied to greater high-intensity
running distances during competitive matches (Byrkjedal et al., 2023). Supporting
this, Pedersen et al. (2022) established strong links between maximal strength,
sprint capacity, jump height, and match-related performance in elite female soccer
players. Improvements in match demands have been further associated with
enhanced overall on-field performance (Arnason et al., 2004). Indeed, research has
consistently shown that high-level teams cover more high-intensity distance
during competition across both male (Pons et al., 2021) and female groups (Choice
et al, 2022). In terms of training interventions, Pardos-Mainer et al. (2021)
demonstrated that plyometric training (PT) outperformed traditional strength
training (ST) in improving vertical jump, sprinting, and change of direction (COD)
performance, likely due to PT’s incorporation of sport-specific, dynamic
movements. ST, by contrast, typically required at least eight weeks with two 30-
minute sessions weekly before measurable improvements emerged. As a result, PT
consistently surpassed ST in producing performance gains in female soccer
athletes. Nonetheless, limited work has been done on whether adding a
complementary strength program can further benefit soccer performance.
Byrkjedal et al. (2023) found such programs beneficial for professional male
players, particularly for sprinting and high-speed running, yet the same has not
been examined in female players. This highlights a critical gap in the literature and

a promising avenue for future investigation.

While theoretical benefits have been documented, there is a notable lack of
studies assessing the impact of strength training programs on match load variables
for female soccer players, highlighting the need for further research. Additional
investigation is necessary to establish a direct correlation between improvements
in running economy and match outcomes in female soccer. Future research should
examine how specific strength training protocols affect metrics such as total

distance covered, high-intensity running volume, and sprint frequency during
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matches. Strength training is crucial for meeting the running demands of women's
soccer matches, as it addresses contemporary soccer requirements by enhancing
high-intensity running capabilities, sprint frequency, fatigue resistance, and
running economy. Although progress has been made in integrating resistance and
plyometric training, further research is needed to establish correlations between
strength improvements and match-specific performance metrics in women's
soccer. Enhanced collaboration among sports scientists, coaches, and analysts is
essential for refining training interventions and optimizing competitive outcomes

for female soccer players.

Research in women's soccer is lacking when it comes to directly linking
strength and complementary training interventions with improvements in high-
intensity running, sprint performance, and repeated sprint ability (RSA) during
competitive matches. This points to a significant gap in understanding how
training can be applied to enhance match performance. Few longitudinal studies
have explored how fitness development in youth affects long-term career
performance. In women's soccer, the shortage of gender-specific research further
hinders progress, as much of the current evidence is based on studies of male
athletes, despite female players' unique physiological and biomechanical traits.
Therefore, there is an urgent need to create evidence-based strength training
protocols specifically for women and examine these programs' long-term impacts

over competitive seasons.



I1 - OBJECTIVES AND
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CHAPTER II - OBJECTIVES AND HYPOTHESES 52

I - OBJECTIVES AND HYPOTHESES

2.1. GENERAL OBJECTIVE

The main objective of this thesis is to investigate the effects of strength and
sprint training interventions on the physical fitness and match performance of
female soccer players across youth and professional levels. By examining short-
term and long-term programs in youth and professional contexts, this research
seeks to clarify how specific training methods transfer from controlled fitness tests
to competitive match demands, and to provide evidence-based recommendations

for optimizing training periodization in women’s soccer.

2.2. SPECIFIC OBJECTIVES AND HYPOTHESES

The specific objectives and hypotheses outlined for each of the studies

included in the present thesis are presented below:

22.1. Study 1: Young elite female players: In-season strength training (10

weeks)

Objective 1. To determine whether adding a 10-week in-season strength
training program (two sessions per week) improves physical fitness (CM]J,
VO2max) and match performance (TD, VHSR, Vmax) compared to soccer training

alone in adolescent elite female players.

Hypothesis 1.

Hla. Players participating in strength training will show greater

improvements in physical fitness (CMJ, VO2max) compared to the CG.

H1b. Players in the strength training group will achieve better improvements

in match performance metrics (TD, VHSR, Vmax) compared to the CG.

Hlc. Strength training will simultaneously enhance physical performance

and match running performance within a single competitive season.
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2.2.2. Study 2: Professional female players: Traditional vs. Modified
Integrated Sprint Training (12 weeks)

Objective 2. To compare the effects of a 12-week TST program and MIST
program on physical performance tests (5, 10, 30 m sprints, VO2max) and match
sprint-related metrics (VHSR, number of sprints) in professional female soccer

players.

Hypothesis 2.
H2a. The TST intervention will demonstrate greater improvements in linear

sprint performance (5, 10, and 30 m) than MIST.

H2b. The MIST program will lead to greater improvements in match sprint
performance (VHSR, number of sprints) than TST.

2.2.3. Study 3: Young elite female players: Long-term traditional strength

training (two seasons)

Objective 3. To evaluate the long-term effects of a two-season ST program on
physical fitness (CMJ, VO2max) and match running performance (TD, VHSR,
Vmax) in young elite female soccer players.

Hypothesis 3.

H3a. Throughout the two-season intervention, the ST group will show
progressively greater improvements in CMJ and estimated VO,max compared to
the CG.

H3b. The ST group will produce sustained and cumulative improvements in
match performance (TD, VHSR, Vmax) compared to the CG.
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2.2.4. Integrated Thesis Perspective

Taken together, these three studies aim to provide a comprehensive
evaluation of how targeted strength and sprint-based training methods influence
the multidimensional performance profile of female soccer players. It is expected
that method-specific adaptations will develop, with traditional sprint training
being most effective for linear sprint performance, while integrated sprint training
better supports match sprint demands. Similarly, short-term strength training in
youth players is expected to produce meaningful improvements in both fitness and
match outcomes, whereas long-term programs will lead to superior and more
sustainable adaptations over multiple seasons. Collectively, this thesis seeks to
advance understanding of evidence-based training strategies that can inform the
design of periodized and context-specific interventions to optimize performance in

female soccer.



III-STUDY 1
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IIT - IMPACT OF A 10-WEEK STRENGTH TRAINING PROGRAM
ON PHYSICAL PERFORMANCE AND MATCH EXTERNAL
LOAD IN YOUNG ELITE FEMALE SOCCER PLAYERS

3.1. ABSTRACT

Background: Soccer is a physically demanding sport characterized by
frequent high-intensity efforts, which are particularly relevant in women’s
competitions. Improving high-speed running and aerobic capacity has been linked
to better on-field performance. Strength training has shown promise in enhancing
these physical attributes, but its application in young female soccer players remains
underexplored. This study aimed to investigate the effects of a 10-week in-season
strength training program on physical performance and match running demands
in young female soccer players. Methods: Thirty-two U18 Danish female
professional soccer players from two comparable teams voluntarily participated in
the study. Teams were allocated to either an experimental group, performing
twice-weekly strength training (EG, n =16) or a control group (CG, n = 16). Vertical
jump performance and Yo-Yo IR2 performance as an estimation for maximal
oxygen uptake (VO2max) were assessed both pre and post intervention.
Additionally, players” match external demands (i.e., total distance, distance
covered at speeds above 23 km'h-1, and maximum velocity achieved) were
monitored using Global Positioning System devices during four matches before
and after the intervention. Results: Significant within-group differences were
observed across all variables for the EG (p =0.001; ES = 1.08 to 1.45, large), without
differences in the CG (p > 0.01). Between-group analysis indicated significant
differences favoring the EG in all variables (F = 27.40 to 47.17;, p = 0.001).
Conclusions: The application of a 10-week strength training program led to
improvements in physical and match running performance among young female
soccer players, underscoring the importance of incorporating strength training

programs into female soccer periodization to enhance performance.

Keywords: resistance training; women; football; team-sport; GPS.
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3.2. INTRODUCTION

Soccer is a physically demanding intermittent team sport characterized by
alternating periods of low- and high-intensity activity (Ade et al., 2016; Pons et al.,
2021). Notably, these physical demands differ between men’s and women’s
competitions (Milanovi¢ et al., 2017), making it essential to analyze them
specifically by gender. In women’s soccer, recent research has reported that players
cover a total distance of 9 to 10 km per match (Bradley et al., 2014; Datson et al.,
2017), with an average of approximately 30 sprints (Mara et al., 2017), along with
200 accelerations and 150 decelerations per game (Ramos et al., 2019). Additionally,
female players run around 500 m at speeds exceeding 19.0 km'h-1 and 125 m at
speeds above 22.5 km-h—1 (Scott et al,, 2020). These findings underscore the
importance of enhancing high-intensity capabilities for competitive success (Faude
et al., 2012). Furthermore, improving maximal oxygen uptake (VO2max) is
essential for delaying fatigue and supporting repeated high-intensity efforts with
minimal recovery time during matches (Slimani et al., 2019). Therefore, identifying
effective strategies to develop these capacities is critical for strength and

conditioning coaches.

For this purpose, strength training has been widely recognized as a key factor
(Nimphius et al., 2010; Silva et al., 2015). In this context, the effects of several
methodologies have been examined (Raya Gonzdlez & Sanchez Sanchez, 2018),
yielding significant improvements in physical performance among soccer players.
Specifically, in female soccer, Millar et al. (2020) implemented, during the in-season
period, a 6-week strength training program focused on back squats in female high
school soccer players, achieving significant increases in vertical jump performance.
Similarly, Sporis et al. (2011) observed improvements in VO2max among female
soccer players following a 12-week strength training program during the second
off-season period (from November to March). However, soccer presents unique
conditions that must be considered when integrating strength training programs
into soccer periodization (Wing, 2018). For example, soccer schedules are often
unpredictable and subject to frequent changes, characterizing the sport as highly
competitive, with more than one match per week (Gualtieri et al., 2020).

Additionally, differences between players, such as starters and non-starters,
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influence the available time for training (Guimaraes et al., 2024). These factors must
be accounted for to identify the optimal approach regarding frequency, methods,
exercises, and session timing. Given the limited time available for implementing
specific strength training sessions, it is essential to adopt strategies that enhance
performance without inducing excessive fatigue. In this regard, Gonzalez-Badillo
et al. (2016) proposed performing half of the maximum possible repetitions for each
load during strength training programs. These authors found that this approach
promotes faster mean repetition velocities, minimizes neuromuscular performance
impairments, facilitates quicker recovery, and reduces hormonal responses and
muscle damage compared to completing all possible repetitions. However, this
methodology has not yet been applied to young female populations to evaluate its
effects on physical performance variables, which is adequate for this population
(i.e.,, young players with scarce experience with resistance training) instead of

reaching muscle failure.

Strength and conditioning coaches have emphasized the importance of
improving physical performance variables to achieve subsequent increases in
distances covered at a high intensity during official matches in the soccer
population (Byrkjedal et al., 2023). In this context, Pedersen et al. (2022)
demonstrated a strong association between maximal strength, sprint performance,
jump height, and match physical performance in high-level female soccer players.
Consequently, increases in match load demands contribute to enhanced on-field
performance (Arnason et al., 2004). This is supported by previous research showing
that high-standard teams cover greater high-intensity distances during official
matches in both male (Pons et al., 2021) and female soccer players (Choice et al.,
2022). However, few studies have investigated whether a complementary strength
training program can improve soccer players’ performance. In this regard,
Byrkjedal et al. (2023) confirmed that strength training, applied during the in-
season period, is an effective method to enhance external match performance in
professional male soccer players, particularly in high-speed running and sprinting
variables. Nevertheless, no studies have yet evaluated whether a complementary
strength training program for female soccer players could positively impact their
match external load variables or used a strength training methodology in which
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participants complete only half of their maximum possible repetitions, highlighting

the need for future research in this area.

To cover this gap, a 10-week strength program was applied in young elite
female soccer players during their regular in season. Specifically, the aim of this
study was to analyze the effects of a 10-week strength training program on physical
performance and match running demands in young female soccer players. Based
on prior studies (Byrkjedal et al., 2023; Lambright et al., 2024; Sporis et al., 2011),
we hypothesized that a structured training intervention would lead to significant
improvements in both physical performance and match running performance

among female players in the experimental group compared to a control group.

3.3. MATERIALS AND METHODS

3.3.1. Study Design

A quasi-experimental design was employed to evaluate the impact of a 10-
week strength training program (two sessions per week) on the physical
performance and match running demands of young female soccer players. Physical
performance was assessed at baseline and post training in a single session, which
included a jump test (countermovement jump, CMJ) and an endurance test (Yo-Yo
Intermittent Recovery Test). These assessments were conducted on the team’s
natural grass training field, with players wearing their own soccer boots. All testing
sessions took place in the afternoon between 5:00 p.m. and 7:00 p.m. Additionally,
players” match external demands (i.e., total distance, distance covered at above 23
km-h-1, and maximum velocity achieved) were tracked using Global Positioning
System (GPS) devices during four matches before and after the intervention period.
To standardize conditions, players were instructed to have their last meal 3 h before
testing, avoid caffeinated beverages, and refrain from intense physical activity
prior to assessments. A strength and conditioning specialist supervised all testing
sessions, providing verbal encouragement throughout the protocols (Raya-
Gonzalez, Castillo, et al., 2021).
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3.3.2. Participants

Thirty-two U18 Danish female elite soccer players (age = 16.4 + 0.8 years)
voluntarily participated in the study. A priori power analysis was conducted using
G*Power (version 3.1.9.2, Universitat Kiel, Kiel, Germany). The analysis indicated
that a minimum sample size of 16 participants per group was required to achieve
a statistical power (1-3) of 0.80, based on an assumed effect size (ES) of 0.90 (large
effect) and a significance level (a) of 0.05. Participants belonged to two different
teams competing at the highest level for their age. Both teams followed the same
style and training schedule, trained 4 times per week [i.e., first session: recovery or
compensation; second session: strength (small-sided games with a reduce number
of players); third session: endurance (large-sided games with a high number of
players); and fourth session: reaction (medium-sided games with a high number of
players)], and played one official match during the weekend. Players were eligible
for inclusion in the study if they had been part of the same soccer academy for the
past two years, attended at least 80% of training sessions over the 10-week period,
had a minimum of four years of experience in systematic soccer training, with low-
medium experience in resistance training, and had not sustained any injuries in the
two months prior to the study. Teams were randomly assigned to either the control
group (CG; n =16; age: 16.4 + 0.7 years; height: 168.7 £ 5.2 cm; body mass: 62.5 + 6.4
kg; body mass index: 21.9 + 1.4 kg-m~-2) or to the experimental group (EG; n = 16;
age: 16.4 + 0.8 years; height: 167.5 + 5.6 cm body mass: 60.9 + 6.5 kg; body mass
index: 21.7 + 1.7 kg-m-2), with all the players of the same team being parts of each
group. Initially, 44 players were recruited for the study, but 4 goalkeepers were
excluded due to the distinct nature of their training and role in the game, 2 players
left the teams prior to post assessment, and 6 players were injured during the
intervention period and did not complete 80% of the training sessions (Figure 1).
Prior to participation, all players received detailed information about the study
procedures, including potential risks and benefits. Written informed consent was
obtained from their parents or legal guardians. The study adhered to the principles
of the Declaration of Helsinki (2013) and was approved by the ethical committee of
the Catholic University of Murcia under the internal registration number CE062112
(25 June 2021).
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Figure 1. CONSORT diagram of participant’s recruitment, allocation, follow-up, and analysis.

[ Enroliment ] Assessed for eligibility (n= 44)
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Lost to follow-up:
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Less than 80% of training attendance (n= 4)
Left the team before post test (n = 2)

[ Analysis ]
Analysed (n=16) Analysed (n=16)

3.3.3. Procedures

During the 10-week intervention, players from both groups followed their
regular in-season weekly soccer training routine, with the EG incorporating two
strength training sessions per week while the CG had no strength training and
followed their regular training periodization. The weekly training program (i.e.,
microcycle) was designed collaboratively by the coach and the strength and
conditioning specialist, consisting of four soccer training sessions and one official
match. Prior to the intervention, players in the EG completed a 2-week
familiarization strength training program. All participants were already
accustomed to the testing protocols from routine preseason assessments at the club
and were familiar with the GPS devices, having worn them throughout competitive
matches during the season. Physical performance assessments were conducted in
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two testing sessions: Session 1 followed the sequence of the countermovement
jump (CM]J) test and the Yo-Yo Intermittent Recovery Level 2 test to minimize
fatigue accumulation, while Session 2 included the one-repetition maximum (1RM)
assessment. Data from four matches before and four matches after the intervention
period were also collected. Before each testing session, a standardized 15 min
warm-up was performed. This warm-up included 7 min of slow jogging and
walking locomotion, followed by 8 min of jump exercises, progressive acceleration,

and sprint drills over 10 and 30 m distances.

3.3.4. Test

3.3.4.1. Countermovement Jump Height

Players completed two bilateral countermovement jumps (CMJs) with 1 min
of rest between attempts. They were instructed to perform a downward motion
followed by a rapid and complete extension of the lower limbs to maximize jump
height, keeping their hands on their hips throughout the movement. The MyJump
2.0 mobile application was used to measure CM]J height, a tool shown to be highly
valid (r = 0.995) and reliable (intraclass correlation coefficient = 0.997) for this
purpose (Balsalobre-Fernandez et al., 2015). All jumps were recorded at 240 Hz
with an iPhone 8 Plus mobile device (Apple Inc., Cupertino, CA, USA) (Raya-
Gonzélez, Scanlan, et al.,, 2021). The best jump height (in cm) was selected for

further analysis.

3.3.4.2. Yo-Yo Intermittent Recovery Level 2 Test

A single set of this test was completed, which involved performing 2 x 20 m
shuttle runs at progressively increasing speeds, with 10 s of active recovery
between runs. The recovery consisted of jogging 2 x 5 m. Players followed an
auditory beep signal, and the test concluded when they failed to reach the finish
line in sync with the beep on two consecutive attempts. The total distance covered
(in m) was recorded as the test result (Krustrup et al., 2003). From this test, each
player’s estimated VO2max was calculated indirectly. The test area was marked
with cones, forming a 20 m long and 2 m wide running lane. An additional cone,
placed 5 m behind the finish line, indicated the jogging distance for the active

recovery period.
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3.3.5. Match Running Demands

The Polar Team Pro (Polar Electro, Kempele, Finland) device was used to
monitor match external demands. It is an advanced athlete monitoring system
designed for team sports, integrating a 10 Hz GPS, 200 Hz tri-axial accelerometer,
gyroscope, magnetometer, and heart rate monitor. These devices were positioned
on the chest of players, with each player using the same device during the entire
experimental period. These devices have shown high accuracy and acceptable
reliability compared to the gold standard (Akyildiz et al., 2020). Specifically, the
following variables were monitored: total distance covered in meters (TD), very-
high-speed running distance (VHSR, >23 km-h-1), and maximum velocity achieved

during matches (Vmax).

3.3.6. Strength Training Program

Players participated in a 10-week complementary strength training program
(CSTT), conducted prior to regular soccer training and following a standardized
warm-up. The CSTT incorporated strength, range of motion (ROM), and balance
exercises, as detailed in Tables 1 and 2. Strength exercises targeting major muscle
groups (e.g., chest, legs, back) were performed at half of the maximum number of
repetitions per set, with 6 repetitions of the possible 12 [70% 1RM load (4 x 6 (12))].
This approach was based on evidence from a prior study, conducted with
physically active sports science students, demonstrating that performing half the
maximum number of repetitions per set promotes faster mean repetition velocities,
minimizes neuromuscular performance impairments, facilitates faster recovery,
and reduces hormonal responses and muscle damage following exercise
(Gonzalez-Badillo et al.,, 2016). An incremental load test was conducted to
determine the 1RM value for each exercise (Sanchez-Medina & Gonzalez-Badillo,
2011).

The initial load for all participants was set at 20 kg and was progressively
increased by 10 kg per set until reaching 0.5 m/s in mean propulsive velocity.
Subsequently, the load was increased by 5 to 2.5 kg until the participant could no
longer move it. A rest period of at least 5 min was allowed between sets. A re-

evaluation was implemented prior to the sessions of the 6th week. Balance exercises
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were performed on Bosu, with players having to reach 3 movement directions with
their hand, completing 3 sets per exercise. Players completed Session 1 (Table 2)
during their first strength training session of the week and Session 2 (Table 3)
during their second strength training session. Prior to the pre-test session, players
underwent a 2-week anatomical adaptation phase (2 sessions per week).
Throughout the 10-week in-season intervention period, both CG and EG players
adhered to their regular in-season routines, comprising 4 weekly 60-90 min

training sessions in addition to competitive matches.

Table 2. Session 1 for the complementary strength training program.

Exercises __ Illustrations Sets Repetitions

Bulgarian split squat 4 6(12)
Quick steps with band 4 10s
Dumble bent row 4 6(12)
One leg deadlift 4 6(12)
Quick step up 4 6 each leg
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Lever chest press 4 6(12)
Cable abduction + adduction ’ B
Reverse hyperextension 3 12
Knee up crunch + leg raise 3 15+10
Plank series 3 30s+10s+30s+10s
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One leg on Bosu and reach 3

directions with each hand 3 One tour each leg

Notes: 6 (12) = to perform 6 reps of 12 possible reps,; body weight exercises did not follow the half rep
method.

Table 3. Session 2 for the complementary strength training program.

Exercises Illustrations Sets Repetitions

Walking lunge 4 6
Bird dog 3 12 each side
4-sided change of direction
3 3 tours

CMJ and drop jump
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Prone hamstring curl 6

Leg raise and hip raise 6+6

Boxing Im

Abduction + adduction with
12
band
V-sit trunk rotation with weight 6 each side




68

One leg side to side jump and
hold

Plank series 3 30s+10s+30s+10s

Notes: 6 (12) = to perform 6 reps of 12 possible reps,; body weight exercises did not follow the half rep
method.

3.3.7.  Statistical Analysis

Descriptive statistics are presented as means + standard deviations (SDs). The
Shapiro— Wilk test was conducted to assess the normality of the data distribution,
and Levene’s test was utilized to confirm the homogeneity of variances. To detect
between-group and within-groups differences, an analysis of covariance
(ANCOVA), incorporating baseline values as covariates, was performed. When
significant F values were found, Bonferroni post hoc analysis was performed. Effect
sizes (ESs) were computed using Cohen’s method to evaluate the magnitude of
effects and were interpreted as follows: <0.2, trivial; 0.20-0.49, small; 0.50-0.80,
moderate; and >0.80, large (Cohen, 1988). Statistical analyses were carried out using
SPSS v29 (SPSS Inc., Chicago, IL, USA). Based on the Bonferroni correction,

statistical significance was set at p <0.01.

3.4. RESULTS

No significant between-groups differences were found when baseline values

were compared.
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The changes in physical performance and match load variables before

(baseline) and after (post training) the 10-week intervention period are presented

in Table 4 and Figure 2.

Table 4. Changes in physical performance and match load variables before (baseline) and after (post-training)
the 10-week intervention period.

Between
CG (n=16) EG (n=16) group
differenc
es
Baseline tr:izsi; A Baseline traPi(r)lsi; A
Variables (mean * & p ES (meanz & p ES F p
SD) (mean+ (%) SD) (mean+ (%)
SD) SD)
24.84 + 25.07 + 0.04 0.0 25.10+ 2920+ 163 0.00 1.4 45.7
CMJ (cm) 0.93 0.001
2.72 2.65 4 8 2.84 3.37 3 1 4
vO2 52.03 = 52.51 + 0.02 0.1 54.01=+ 57.14 0.00 1.1 47.1
max 0.92 5.80 0.001
(ml/kg/min) 2.87 2.83 8§ 7 2.78 3.22 1 3 7
9377.00+ 9543.00 + 0.00 0.1 9773.00+ 11628.00+ 19.3 0.00 1.1 31.5
TD (m) 1.77 0.001
1300.00 1370.00 4 3 1566.00 160.70 9 1 8
42.88 + 52,67+ 228 0.02 0.2 47.00+ 9238+ 965 0.00 1.0 27.4
VHSR (m) 0.001
4417 49.93 3 4 2 41.90 71.90 5 1 8 0
24.63 + 25.24 + 0.00 0.2 25.17= 2856+ 134 0.00 1.4 382
Vmax (km-h-1) 2.48 0.001
2.35 2.39 2 6 2.33 2.20 7 1 5 6

* Abbreviations: CG = control group, EG = experimental group; SD = standard deviation; A (%): percentage
of change between pre and post intervention; p: level of significance, ES: effect size; CMJ = countermovement
Jjump; VO2max = maximal oxygen uptake; TD = total distance; VHSR = distance covered at above of 24 kmh-
1; Vmax = maximum velocity achieved during matches. Significance level was set at p < 0.05.
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Figure 2. Individual changes in physical performance and match load variables before (baseline) and after (post

training) the 10-week intervention period. Abbreviations: CG = control group; EG = experimental group
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In the within-group analysis, the experimental group (EG) exhibited

substantial improvements in all variables (p = 0.001), with large effect sizes (ESs).
CM]J performance increased by 16.33% (ES =1.44), VO2max improved by 5.80% (ES
=1.13), and TD showed a marked increase of 19.39% (ES = 1.18). Moreover, VHSR
almost doubled, with an increase of 96.55% (ES = 1.08), and Vmax improved by
13.47% (ES = 1.45), highlighting the considerable magnitude of the training effects
in the EG. Conversely, no within-group differences were observed in the CG for

any variable.

Between-group comparisons revealed significant differences in favour of the
EG across all variables (p = 0.001). The CMJ showed the largest group difference,
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followed closely by VO2max and TD. VHSR and Vmax also demonstrated
substantial between-group effects, confirming the superior improvements in

physical performance and match load performance in the EG compared to the CG.

3.5. DISCUSSION

This study aimed to examine the effects of a 10-week strength training
program on physical performance and match running performance in young
female soccer players during their regular in-season period. The CG did not
perform any strength training, as it was not included in their in-season
periodization program. To the best of our knowledge, this is the first study to
investigate the impact of strength training based on completing half of the
maximum number of repetitions per set on match load performance in this
population (i.e., female elite U-18 soccer players). The main obtained findings
indicated that players in the EG achieved significantly greater improvements

compared to those in the CG.

The CM]J is widely recognized by soccer strength and conditioning
professionals as a reliable measure of lower extremity power (Nuzzo et al., 2008),
which is strongly associated with success in soccer (Faude et al, 2012).
Consequently, training programs should prioritize improving this parameter. In
this study, increases in CM]J performance were observed in the EG following the
intervention period, with significant between-group differences in favour of this
group. These findings align with those of Millar et al. (2020), who reported a 4.9%
improvement in vertical jump performance after implementing a 6-week in-season
strength training program focused on back squats in female high school soccer
players. Similarly, Lambright et al. (2024) conducted an 8-week strength training
program (three sessions/week) during the preseason in young female soccer
players (i.e.,, 16 years), observing improvements of 1.19 + 2.71 cm in CM]
performance post intervention. The training group also seemed to improve the
estimated VO2max, potentially derived from an improvement in the muscles’
ability to use oxygen. Enhancements in VO2max contribute to delaying the onset
of fatigue, thereby enabling repeated high-intensity efforts with minimal recovery

time during matches (Slimani et al., 2019). In this study, an estimated improvement
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in VO2max were observed in the EG (5.8%), although it cannot be ruled out that
the improvement in Yo-Yo IR2 performance, was related to improvements in
muscle strength and power. Similar findings have been reported in previous
research. For example, Sporis et al. (2011) documented increases in VO2max
following a 12-week strength training program (three sessions/week) during the
off-season period in elite female soccer players (under 20 years). These results
highlight the importance of incorporating strength training programs into soccer
periodization to enhance both high-intensity actions and aerobic power. Also, it is
necessary to highlight that these strength training programs could be enhanced if
their methodology is based on performing half of the reps in the main lifts, since
although prior studies presented significant improvements, in the present study,
these improvements were also achieved but in a more time-efficient manner (i.e.,
half the reps), while generating less labour that could interfere with soccer

performance.

Certain external load metrics, such as TD, VHSR, and Vmax achieved during
matches, are critical determinants of soccer performance, with top-tier teams often
exhibiting the highest values in these variables (Pons et al., 2021). Consequently, it
is essential to develop strategies that enhance performance in these metrics during
matches to achieve greater soccer success. In this study, the between-group
comparison revealed significantly greater improvements in the EG for TD, VHSR,
and Vmax. These findings may be attributed to the strong relationship between
strength levels and high-intensity actions, as well as external match performance
(Pedersen et al., 2022; Wisleff et al., 2004). Also, we hypothesize that the applied
strength training could improve sprint mechanics, support higher maximum
velocities, potentiate repeated-sprint ability, enable more very-high-speed running
bouts, and delay neuromuscular fatigue, facilitating greater total distance covered
during match play. Despite this, no previous studies have specifically examined
the impact of strength training programs on external match load performance in
young female soccer players, although this has been explored in men’s soccer. For
example, Byrkjedal et al. (2023) implemented two distinct strength training
programs (i.e., regulated vs. self-selected) over a 10-week period (one session per
week) in professional male soccer players. Both groups demonstrated

improvements in external match load variables, such as high-speed running and
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sprint running. These findings reinforce the notion that strength training is a crucial
component for enhancing external match performance during official

competitions.

Despite the promising findings, this study has several limitations that
practitioners should consider. The main limitation is that two teams were involved,
and all the players of the same team were allocated into the same group. In this
sense, although the training standards of both groups were similar, this could have
impacted the results obtained due to the influence of the coaches. Another
limitation is that the EG completed a higher total training volume, as the CG did
not supplement their regular soccer training. Also, only two teams participated in
the study, consistently maintaining the same roles. Therefore, future research
involving a greater number of teams or employing a crossover design is needed to
draw more robust conclusions. In addition, the assumed GPS variability must be
considered, mainly when high-intensity distances are assessed. Finally, other
important abilities, including flexibility, change in direction speed, and repeated-
sprint ability (RSA) must be assessed in future studies. Finally, the study
exclusively included female soccer players, which limits the generalizability of the
findings to male players, highlighting the need for similar studies in male

populations.

3.6. CONCLUSIONS

The main findings in this study showed improvements in young female
soccer players’ physical performance and match running performance after the
application of a 10-week strength training program. Using a practical approach, it
is suggested to incorporate the proposed strength training program, focused on the
lower limb, into young female soccer players’ periodization to improve not only
physical performance but also match load parameters. Future studies considering
the impact of the strength program on injury occurrence or long-term studies

analyzing the retention of performance gains should be performed.



74



IV-STUDY 2



CHAPTERIV -STUDY 2 76

IV -THE DIFFERENTIAL EFFECTS OF TWO COMPLEMENTARY
SPRINT-BASED TRAINING PROGRAMS ON SPRINT
PERFORMANCE IN PROFESSIONAL FEMALE SOCCER
PLAYERS

4.1. ABSTRACT

This research investigated the effects of two 12-week sprint training
programs—Traditional Sprint Training (TST) and Modified Integrated Sprint
Training (MIST)—on the sprint performance and match running demands of
professional female soccer players. Forty-five players from two professional teams
were assigned to either the TST group or the MIST group based on availability.
Each group participated in two sprint sessions weekly, supplementing their regular
in-season schedule. Physical performance was measured using 30-meter sprint
tests, including 5 m, 10 m, and 30 m splits, and the Yo-Yo Intermittent Recovery
Test Level 2. Match demands were assessed using GPS technology during four
official matches, concentrating on very high-speed running distances (VHSR; >23
km'h™) and the number of sprints. Both groups demonstrated significant
improvements in most metrics (p < 0.05), except for VO,max in the TST group (p =
0.328; effect size [ES] = 0.09). Comparative analysis revealed that the TST group
achieved significantly greater improvements in sprint times (p = 0.017 to 0.000;
effect size [ES] =0.77 to 1.74), while the MIST group showed superior enhancements
in match sprint metrics (p = 0.016 to 0.000; ES = 0.66 to 1.89). No significant
differences in VO,max were observed between groups. These findings indicate that
both training methods are effective, with TST being more advantageous for linear
sprint development, while MIST is more effective for improving on-field sprint
performance. Coaches should consider the specific needs and performance

objectives of each player when selecting training strategies.

Keywords: Sprint training; high-speed running; match metrics; female

soccer.
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4.2. INTRODUCTION

Modern soccer is a highly demanding team-sport characterized by the
unpredictable alternation of low- to moderate-intensity actions with high-intensity
efforts (Rodriguez Porras et al, 2024). In this context, previous research has
highlighted the crucial role of high-intensity actions in achieving sporting success
(Garcia-Calvo et al., 2025). Among these, sprinting has been identified as one of the
most decisive actions, given that sprints are the most frequent movements
preceding goal-scoring opportunities (Faude et al., 2012). The increasing emphasis
on sprint performance and the distance covered at high intensity has led to a
significant rise in the physical demands imposed on players during official
competitions (Rodriguez Porras et al., 2024). Consequently, these growing physical
requirements have influenced the way training programs are structured and
periodized, particularly in women's soccer. Despite the recent surge in scientific
interest in this area within women's soccer, there remains a lack of consensus
regarding the most effective training methodology to enhance the performance of
high-intensity actions. While various training approaches have been proposed,
including resistance training, sprint interval training, and high-intensity interval
training, the optimal strategy for maximizing sprint performance in female
footballers is still unknown. Further research is necessary to establish evidence-
based guidelines that can be effectively implemented to improve high-intensity

performance and overall physical preparedness in elite female soccer players.

Regarding this, sprint-based training programs have demonstrated
significant improvements in the physical fitness of female soccer players (Stankovic
et al., 2023). For example, Mathisen & Pettersen (2015) found that an 8-week sprint
training program was highly effective in enhancing sprinting ability in young
female soccer players. Similarly, Shalfawi et al. (2013) reported positive effects of
an 8-week sprint training program, implemented in a repeated-sprint fashion, on
sprint performance in young female soccer players. Furthermore, Johnson et al.
(2013) applied a treadmill-based training regimen for female soccer players and
observed a significant improvement in 40-yard sprint times following a 6-week

intervention period. Despite these promising findings, it is important to note that
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sprint actions in soccer are not always linear (Kobal et al., 2021). The presence of
external factors such as ball movement, teammates, and opponents, introduce an
element of unpredictability, influencing the execution and effectiveness of sprint
actions (Preissler et al., 2023). This highlights the need for a paradigm shift in
sprinting training programs for female footballers, incorporating multidirectional
sprinting drills and decision-making components to better replicate real-game

scenarios.

On the other hand, it is necessary to highlight that the main aim of a
complementary training program when it is implemented in soccer players is not
only to improve the athletes” physical fitness in an analytic way but improving the
on-field soccer players in the involved players (Lambright et al., 2024). This is
supported by strong association observed between the performance on high-
intensity actions and match physical performance in high-level female soccer
players (Pedersen et al., 2022). Despite this, few studies have investigated whether
a complementary training program can improve soccer players' performance,
although these have found promising results, showing that complementary
training focused on high-intensity actions is an effective method to enhance
external match performance in soccer players, mainly in high-speed running and
sprinting variables (Byrkjedal et al., 2023). However, the effects of these programs
on female soccer player are understudied, and to date, no studies have analyzed
the influence of a complementary sprint-based training program on match load
performance in professional female soccer players, so further studies are required

on this topic.

Therefore, the aim of this study was to analyze the differentiate impact of two
12-week sprint-based training programs (i.e., traditional vs. modified) on the
physical fitness and match running demands of professional female soccer players.
Based on prior studies (Byrkjedal et al., 2023; Pedersen et al., 2022), we
hypothesized that traditional program would has a great impact on sprint tests,
meanwhile the modified program, due to its specificity, could further improve
match load performance in professional female soccer players.
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4.3. METHOD

4.3.1. Study Design

A quasi-experimental design was adopted to compare the effects of two
distinct 12-week sprint-based training programs (i.e., traditional vs. modified) on
the physical fitness and match running demands of professional female soccer
players. Physical fitness was evaluated at baseline and post-intervention during a
single testing session, which included a 30m linear sprint test (with splits at 5m,
10m, and 30m) and an endurance test (Yo-Yo Intermittent Recovery Test).
Additionally, players” match external demands (i.e., total distance covered at
speeds exceeding 23 km-h! and the number of sprints completed) were monitored
using Global Positioning System (GPS) devices during four competitive matches
both before and after the intervention period. All fitness tests were conducted on
the team’s natural grass training field, with players wearing their own soccer boots.
Testing sessions took place in the late afternoon (5:00 PM to 7:00 PM), and players
were instructed to have their last meal at least three hours prior to testing, to avoid
caffeinated beverages, and to refrain from intense physical activity on the day of

assessment.

4.3.2. Participants

A total of 45 professional female soccer players from Denmark were initially
recruited for this investigation. A power analysis was performed in advance using
G*Power software (version 3.1.9.2, Universitit Kiel, Germany), indicating that at
least 20 participants would be required to detect a statistically significant effect
with 84% power (1-f = 0.84), assuming a large effect size (ES = 0.90) and a
significance threshold of a = 0.05. The athletes belonged to two elite-level teams
within their age category, both of which adhered to an identical training schedule
consisting of four weekly practice sessions and one official match each weekend.
To be included in the study, players had to meet several criteria: regular
participation in at least 80% of training sessions throughout the 12-week
intervention period, a minimum of four years of structured soccer training

experience, and absence of injury in the two months prior to the study. Goalkeepers
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were excluded due to the specific characteristics of their role and training
requirements. Based on availability, players were distributed into one of two
groups: the Modified Integrated Sprint Training group (MIST; n=23; age: 23.7 + 3.2
years; height: 170.1 + 6.9 cm; body mass: 60.9 + 5.9 kg) or the Traditional Sprint
Training group (TST; n=17; age: 23.9 + 3.3 years; height: 171.7 + 6.1 cm; body mass:
61.7 + 4.7 kg). Before enrollment, all participants received comprehensive
information about the nature and aims of the study, including any associated risks
and anticipated benefits. Informed consent was obtained in writing from their
parents or legal representatives. The study was conducted in accordance with the
ethical principles outlined in the Declaration of Helsinki (2013) and received
approval from the Ethics Committee of the Catholic University of Murcia under the
internal registration number CE062112 (25 June 2021).

4.3.3. Procedures

Over a 12-week intervention period, professional female players adhered to
their regular in-season training schedule, with two weekly sprint training sessions,
differentiated by each group (i.e, MIST and TST). The weekly microcycle,
collaboratively designed by the head coach and strength conditioning coach,
comprised five technical-tactical training sessions and one official match. Before
and after the intervention period, physical performance evaluations were
conducted across two sequential testing sessions: 1) Yo-Yo Intermittent Recovery
Test, and 2) 30-m linear sprint test. Each evaluation session was preceded by a
standardized 15-minute warm-up protocol divided into two phases: 7 minutes of
low-intensity locomotion (jogging and walking) followed by 8 minutes of
plyometric exercises and progressive sprint/acceleration drills over 10- and 30-
meter distances. Additionally, performance data from four matches pre- and post-
intervention were analyzed. All players were already proficient with the testing
protocols, having undergone similar preseason assessments at the club, and were
accustomed to wearing GPS devices during competitive matches throughout the

season.
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4.3.4. Test

Linear sprint test. Players performed two linear sprints over a 30 m distance.
The starting position was set 0.5 m behind the first timing gate (Microgate Polifemo,
Microgate, Bolzano, Italy), which was positioned 0.4 m above the ground. Time
recording was automatically triggered as players passed the first gate at the 0 m
mark, after which they were instructed to sprint at maximum effort to the finish

line at 30 m. The straight-line sprint test was conducted on an outdoor soccer pitch.

Yo yo intermittent recovery test level 2. This test required participants to
execute repeated 20-meter shuttle sprints at incrementally escalating velocities,
interspersed with 10-second active recovery intervals involving back-and-forth 5-
meter jogging segments (Krustrup et al., 2003). Athletes synchronized their
movements with pre-recorded audio cues, and the protocol terminated when an
individual twice consecutively failed to meet the pace requirements. The
cumulative distance achieved (in meters) served as the primary performance
metric, from which maximal oxygen uptake (VO,max) values were indirectly
extrapolated. The testing zone comprised a 20-meter x 2-meter rectangular corridor
demarcated by cones, with an additional marker positioned 5 meters beyond the
endpoint to delineate the recovery jogging path. During active recovery phases,
participants decelerated and traversed the 5-meter buffer zone at reduced intensity
before recommencing high-intensity efforts. Test administrators recorded the final
distance attained once athletes could no longer maintain the dictated tempo across

two successive sprint cycles.

4.3.4.1.  Sprint match running demands

The Polar Team Pro (Polar Electro, Kempele, Finland) system was used to
monitor external match demands. This advanced athlete-tracking technology,
designed for team sports, integrates a 10 Hz GPS, a 200 Hz tri-axial accelerometer,
a gyroscope, a magnetometer, and a heart rate monitor. The devices were
positioned on the players' upper backs, with each player using the same unit
throughout the experimental period. Previous research has demonstrated their
high accuracy and acceptable reliability when compared to gold-standard
measurement methods (Akyildiz et al., 2022). Specifically, very high-speed running
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distance (VHSR, > 23 km-h-1), and the number of the sprints completed during

matches (Sprints) were registered.

4.3.4.2. Sprint training program

Elite female athletes participated in one of two specialized sprint training
protocols (MIST/TST) across a 12-week intervention period, maintaining a
biweekly training frequency. The MIST adopted a holistic approach emphasizing
game-specific movements, where each training sequence involved two
interconnected elements: 1) combined sprint-shooting drills followed by 2)
situational 2v2 gameplay scenarios. Detailed periodization parameters including
work-rest ratios and intensity progression for MIST are outlined in Table 5. In
contrast, TST protocol employed a reductionist methodology, requiring athletes to
perform high-volume linear sprints in isolation from tactical or environmental
cues. As detailed in Table 6, TST's programming prioritized unidirectional
acceleration mechanics without contextual interference. Both regimens
systematically manipulated training density through predetermined loading

schemes and recovery intervals while maintaining equivalent session frequencies.

Table 5. Modified Integrated Sprint Training (MIST)

Weeks
Variables 1-2-3 4-5-6 7-8-9 10-11-12
Sprint reps (n)* 2x3 2x3 2x4 2x5
Sprint distance (m) 30-30 50-50 60-60 60-60
Shooting distance (m) 18/20 18/20 18/20 18/20
2v2 Situational Play (m) 70 60 105 105
Between sprints recovery (s) 75 75 75 75
Between sets recovery (s) 240 240 180 180

Abbreviations: *: 2x5 denotes 2 sets of 5 repetitions.
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Table 6. Traditional Sprint Training (TST)

Weeks
Variables 1-2-3 4-5-6 7-8-9 10-11-12
Sprint reps (n)* 2x3 2x3 2x4 2x5
Sprint distance (m) 30-30 50-50 60-60 60-60
Between sprints recovery (s) 75 75 75 75
Between sets recovery (s) 240 240 180 180

Abbreviations: *: 2x5 denotes 2 sets of 5 repetitions.

4.3.5. Statistical Analysis

Descriptive statistics are presented as mean + standard deviation (SD). To
assess the normality of the data distribution, and the homogeneity of variances, the
Shapiro-Wilk test and Levene's test were conducted, respectively. A paired-
samples t-test was applied to examine the within-group differences, and an
analysis of covariance (ANCOVA), incorporating baseline values as covariates,
were performed to assess the between-group differences. Effect sizes (ES) were
computed using Cohen's method to evaluate the magnitude of effects and were
interpreted as follows: < 0.2, trivial; 0.20-0.49, small; 0.50-0.80, moderate; and >
0.80, large (Cohen, 1988). Statistical analyses were carried out using SPSS v29 (SPSS
Inc., Chicago, IL), with the level of significance set at p < 0.05.

4.4. RESULTS

In Table 7 are presented the changes in physical fithness and match load
variables before (baseline) and after (post-training) the application of the sprint-
based training programs. Female players allocated in the MIST group showed
significant improvement in all analyzed variables (p = 0.005 to 0.000; ES = 0.66 to
1.89, moderate to large), while players in the TST group significantly improved
their values in all variables (p = 0.006 to 0.000; ES = 0.77 to 1.74, moderate to large)
except for the VO2max (p = 0.328; ES = 0.09, trivial). Between-groups analysis
revealed differences in favor of the TST in SP5, SP10 and SP30 (F = 6.26 to 17.71; p
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=0.017 to 0.000) and in favor to the MIST in VHSR and Sprints variables (F = 6.36
to 19.61; p = 0.016 to 0.000), without differences in VO2max.

Table 7. Changes in physical fitness and match load variables before (baseline) and after (post-training) the
application of the sprint-based training programs.

MIST (n = 23) IST(n=17) Between
group
differences
Variables Baseline Post training  4(%) p ES Baseline Post training 4 (%) p ES F p
(mean = SD) (mean = SD) (mean = SD) (mean + SD)

SP5 (s) 1.16 £0.06 1.11 £0.05 431 0.000 1.44 1.23+0.08 1.20 £0.08 244 0.006 0.77 6.26 0.017
SP10 (s) 1.98 +0.08 1.90 £0.08 4.04 0.000 1.76  2.06+0.11 2.03+0.11 1.46 0.006 0.77 14.22 0.000
SP30 (S) 4.75+0.18 4.64+0.18 2.32 0.000 1.89 4.84+0.18 4.80+0.18 0.83 0.003 0.85 17.71 0.000

VO2max (ml/kg/min)  47.35+4.11 48.46 +£4.63 2.34 0.005 0.66 45.61 +4.89 46.09 +£5.27 1.05 0.282 0.09 0.98 0.328
VHSR (m) 129.39 +61.68 247.48 £119.27 91.27 0.000 0.94 106.77 £60.89 119.88+61.23 12.28 0.000 1.35 19.61 0.000
Sprints (n) 8.52+£3.75 13.48 £6.05 58.22 0.000 1.28  7.18+3.83 8.82+435 22.84 0.000 1.74 6.36 0.016

Abbreviations: CG = control group; EG = experimental group,; SD = standard deviation; 4 (%): percentage of change between pre and post
intervention, p: level of significance; ES: effect size; SP5 = linear sprint over 5 m distance; SP10 = linear sprint over 10 m distance; SP30 =

linear sprint over 30 m distance; VO2max = maximal oxygen uptake;, VHSR = distance covered at above of 23 km-h-1; Sprints = number of

sprints covered during matches. Significance level was set at p < 0.05.

4.5. DISCUSSION

This study aimed to analyze the differential impact of two 12-week sprint-
based training programs (i.e., traditional vs. modified) on the physical fitness and
match running demands of professional female soccer players. This is the first
study that analyzes the effects of these sprint training programs on match running
demands, since most of the prior literature only considered fitness tests. The main
findings showed that players in MIST obtained greater improvements in match
variables (i.e., VHSR and Sprints), while their counterparts in the TST improved
more in all the split times in the linear sprint test, without differences in VO2max.

Another concern is how well training results transfer from controlled test
settings to actual match performance. While the TST group showed better
outcomes in linear sprint tests, these improvements may have limited importance

during competitions, where sprints are rarely performed without external
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influences (Preissler et al.,, 2023). The current findings support the idea that
improvements in acceleration and speed, although beneficial, need to be combined
with drills that reflect the real-match conditions by including perceptual and
decision-making challenges (Gualtieri et al., 2023; Preissler et al., 2023). This
integrated approach can help players not only boost raw speed but also enhance
their ability to use that speed effectively in the unpredictable situations of soccer

matches.

When looking to improve the performance of high-intensity actions, the
training program must be focused on these actions, based on the specificity training
principle (Haff & Nimphius, 2012). However, for this purpose, other variables,
such as VO,max, should be improved, since it contributes to delaying the onset of
fatigue, thereby enabling repeated high-intensity efforts with minimal recovery
time during matches (Slimani et al., 2019). Regarding this, players belonging to
both groups, i.e., MIST and TST, improved their linear sprint performance. These
results confirm those obtained by prior studies (Johnson et al., 2013; Mathisen &
Pettersen, 2015; Shalfawi et al., 2013), which reported significant improvements in
the sprint performance of female soccer players through several sprint training

programs (i.e., from 6 to 8 weeks).

Despite this, players in TST improved significantly more than the players in
the MIST group, which could be due to the specificity of the task included in their
sprint-based training program (i.e., controlled sprints in terms of distance, recovery
time and uncertainty). In relation to VO2max, MIST improved their capacity,
possibly due to the chain of actions proposed in the training program for this
group. However, no significant between-group differences were observed,
suggesting the necessity of combining different tasks to improve both sprint
performance and VO2max level, being the latter a basis for improving high-
intensity actions. It is also worth noting that the MIST program not only improved
on-field metrics but also generated a positive change in VO,max, although no
significant differences between groups were detected. This finding suggests that
integrating sprint actions with game-like activities may impose higher
cardiorespiratory loads compared to isolated sprint drills, which could be

particularly beneficial in delaying fatigue and sustaining repeated high-intensity
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actions (Slimani et al., 2019). This aligns with the notion that endurance and sprint
capacities are interdependent qualities for soccer performance, especially in female
players who often cover substantial high-speed running distances across matches
(Rodriguez Porras et al., 2024).

Despite the promising results obtained in the fitness tests, it seems necessary
for a complementary training program to also impact the female soccer players’ on-
field performance, mainly in sprint variables, which are widely related to soccer
performance (Faude et al., 2012). According to Gualtieri et al. (2023), the integration
of game-based running exercises with soccer circuit-based drills is advisable to
ensure adequate exposure to high-speed and sprint running in professional adult
soccer. The results showed that female players in both groups improved their on-
field sprint performance (i.e., VHSR and Sprints) after the intervention period.
However, the between-group analysis revealed significantly greater improvements
in the GPS variables in favor of the players in the MIST group compared to their
counterparts in the TST group. These differences may be attributed to the principle
of specificity (Haff & Nimphius, 2012; Gualtieri et al., 2023), as players in the MIST
group completed their training program through activities that engaged perceptual
and decision-making mechanisms. These mechanisms directly influenced sprint
execution, mirroring the demands of real-game scenarios in which teammates,
rivals, and the ball influence the players’ behaviors. In contrast, players in the TST
group performed sprint exercises in an isolated, analytical manner. While both
groups demonstrated improvements, the TST group exhibited lower gains
compared to the MIST group, likely due to the absence of contextual and cognitive
challenges that simulate competitive environments. Despite the promising
findings, no previous studies have specifically examined the impact of a
complementary sprint-based training program on professional female soccer
players’ on-field performances, so future studies on this topic are required to

confirm the obtained findings.

From a practical standpoint, the observed differences highlight the
importance of carefully selecting the type of sprint training according to the
competitive context and the players’ individual needs. For instance, TST might be

more appropriate during off-season or rehabilitation phases, where rebuilding
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linear sprint mechanics and maximal velocity is critical (Raya-Gonzalez et al., 2022).
In contrast, MIST seems more effective during in-season periods when optimizing
players’ game performance and improving high-intensity external load variables is
a priority (Byrkjedal et al., 2023; Pedersen et al., 2022). Coaches may therefore
benefit from periodizing both training modalities within a season to achieve

complementary benefits.

This study is not exempt from limitations, which practitioners must
acknowledge. Mainly, two different teams were involved in each group. Although
both teams followed the same weekly structure and similar methodology, this
could have influenced the results. However, the fact that the players were
professionals made other types of design (i.e., crossover for each team) difficult.
Additionally, only female senior soccer players participated in the study, so it is
challenging to generalize the findings to male players or younger female players.
Several important external load metrics, including accelerations and decelerations,

were not considered and should be included in future research on this topic.

Considering sprinting's significant impact on match outcomes, such as
scoring a goal (Faude et al., 2012), optimizing both controlled sprint ability and
match-specific sprint expression is essential. The present study offers new insights,
and future research should examine additional external load variables, including
accelerations, decelerations, and changes of direction, which are common and
influential in elite female soccer (Stankovic et al., 2023). Incorporating these
measures will help gain a more comprehensive understanding of how sprint-based

programs influence competitive performance.

4.6. CONCLUSION

The findings of this study revealed that both complementary sprint-based
training programs (i.e., MIST and TST) are effective for improve the sprint
performance in professional female soccer players. However, the obtained results
showed that players in the TST groups improve better in the linear sprint test, in
all distances, compared to their counterparts in the MIST, which get greater

improvement in their sprint performance during official matches. These results
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suggest the importance of choosing the type of complementary sprint-based

training program attending to the individual needs of each female soccer player.
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V - IMPLEMENTING A TWO-SEASON TRADITIONAL STRENGTH
TRAINING INTERVENTION: CHRONIC ADAPTATIONS IN
PHYSICAL FITNESS AND EXTERNAL MATCH DEMANDS OF
ELITE YOUNG FEMALE SOCCER PLAYERS.

5.1. ABSTRACT

This study aimed to analyze the impact of a long-term traditional strength
training intervention across two full competitive seasons to evaluate physical
fitness performance and external match demands in elite female youth soccer
players. Twenty-eight Danish female young elite soccer players (age: 16.5 + 0.8
years), belonging to two different soccer teams competing in the highest level for
their age, participated in the study. Teams were allocated to either an experimental
group, performing twice-weekly strength training for two years (EG, n = 14) or a
control group (CG, n = 16). Physical fitness level, including vertical jump
performance and Yo-Yo IR2 performance for maximal oxygen uptake (VO2max),
was assessed at four different time points: at the beginning of season 1; at the end
of season 1; at the beginning of season 2; and the end of season 2. Additionally,
players” match external demands (i.e., total distance, distance covered at speeds
above 23 km-h™!, and maximum velocity achieved) were monitored using Global
Positioning System devices during four matches before and after the intervention,
in the same 4 time-points. Experimental group players obtained greater
improvements in both physical fitness and external match load performance,
compared to the players in the control group, showing enhancements in all
comparisons along the time-points. These results suggest the necessity of including
strength training programs as an essential part of female soccer players’
periodization, not only to improve their performance, but also to facilitate their

transition to professional soccer.

Keywords: Resistance training; longitudinal; youth; performance; women;
football.
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5.2. INTRODUCTION

The physical demands of female soccer require players to develop superior
lower-body power, aerobic capacity, and match-running performance to meet
competitive standards (Rodriguez Porras et al., 2024). While traditional strength
training (ST) is widely implemented in adult soccer programs (Byrkjedal et al.,
2023; Sporis et al.,, 2011), its longitudinal effects on female youth athletes remain
understudied, particularly concerning the simultaneous development of lower-
limb power (CMJ), aerobic fitness (VO.max), and external load metrics during
competition (Cherappurath et al., 2024). Existing literature has predominantly
focused on male cohorts or short-term interventions (6-12 weeks) (Otero-Esquina
et al., 2017; Raya-Gonzalez et al., 2021), limiting the understanding of how
sustained strength training across multiple seasons influences physiological
adaptations during critical periods of adolescent development (Pierce et al., 2021).
Female athletes face unique challenges, including hormonal fluctuations and
differing neuromuscular maturation patterns, which may modulate training
responsiveness compared to males (Kissow et al., 2022). Consequently, there is a
pressing need to investigate the efficacy of structured, long-term ST in optimizing

performance metrics specific to elite female youth soccer players.

Current evidence suggests that ST (e.g., squats, deadlifts, plyometrics)
enhances CMJ height in adolescent athletes by improving the rate of force
development and motor unit recruitment (Balsalobre-Fernandez et al., 2015; Keiner
et al., 2022). However, the transfer of these gains to soccer-specific endurance and
in-match performance (e.g., total distance covered, high-speed running) is less
clear, particularly over extended periods. Aerobic capacity (VO,max) is a known
determinant of recovery between high-intensity efforts during matches, yet the
interaction between strength training and VO,max in youth females remains
debated (Sporis et al.,, 2011). Some studies report interference effects when
combining heavy resistance training with aerobic development, while others
demonstrate synergistic benefits (Seipp et al., 2023). This discrepancy highlights the
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importance of longitudinal data to clarify whether ST complements or hinders

soccer-specific endurance adaptations in growing athletes.

The external demands of soccer (e.g., accelerations, decelerations, sprint
distances) are increasingly quantified via Global Position System (GPS) metrics,
providing objective measures of match performance (Al Haddad et al., 2018). While
ST has been shown to improve sprint performance and change-of-direction ability
(Keiner et al., 2014) its longitudinal impact on in-game movement profiles,
especially in female youth players, is poorly understood. Prior interventions have
typically examined these outcomes in isolation over short durations, neglecting the
cumulative effects of multi-year training programs (Deprez et al., 2015). Given that
elite youth soccer involves progressive increases in competitive load across
seasons, understanding how ST influences both physiological capacities and their

translation to match performance is critical for long-term athlete development.

The aim of this study was to implement a long-term ST intervention across
two full competitive seasons to evaluate its effects on CMJ, VO2max, and external
match demands in elite female youth soccer players. Based on prior studies, we
hypothesized that players who complete the long-term intervention would obtain
greater improvements in both physical fitness and external match load
performance compared to their counterparts in the control group.

5.3. METHOD

5.3.1. Study Design

An experimental longitudinal design was applied to assess the long-term
effects of a ST (i.e., two sessions per week during two consecutive seasons) on the
physical fitness and external match demands in young female soccer players.
Physical fitness variables were evaluated at four different moments: at the
beginning of season 1 [i.e., after the first 4 official matches, (Pre S1)]; at the end of
the season 1 [i.e., prior to the first last official matches, (Post S1)]; at the beginning
of season 2 [i.e., after the first 4 official matches, (Pre S2)]; at the end of the season

2 [i.e., prior to the first last official matches, (Post S2)]. Each evaluation was
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performed in a single session (in the afternoon between 5:00 PM and 7:00 PM), and
a jump test (i.e., countermovement jump, CMJ) and an endurance test (i.e., Yo-Yo
Intermittent Recovery Level 2 Test) were included. Both tests were conducted on
the team’s training field (i.e., natural grass), with players wearing their soccer
boots. In addition, the external match demands (i.e., total distance, distance
covered at above 23 km-h-1, and the maximum velocity achieved) of the four
matches before and after the evaluation sessions were registered through Global
Positioning System (GPS) devices. All the assessment sessions were supervised by
a strength and conditioning specialist, who provided verbal encouragement during

evaluations.

5.3.2. Participants

Twenty-eight U18 Danish female elite soccer players, belonging to two
different soccer teams competing in the highest level for their age, participated in
the study. An a priori power analysis was performed in G*Power software (v3.1.9.2;
Universitat Kiel, Germany). This calculation determined that 20 participants would
be sufficient to achieve 0.84 statistical power (1-p), given a large effect size (ES =
0.90) and a = 0.05. The two participating teams adhered to identical periodization
models and training schedules, completing four pitch sessions weekly alongside
competitive weekend matches. For eligibility, players must accomplish the
following characteristics: 1) continuous enrollment in the academy for >2 4 months;
2) > 80% training attendance during the intervention period; 3) > 4 years of
structured soccer development; and 4) injury-free status for 60 days pre-
intervention. Given participants' neuromuscular immaturity and limited resistance
training experience, repetitions were prescribed at half of the maximum number
capacity to avoid failure training. Goalkeepers were excluded due to position-
specific physiological demands. Teams underwent block randomization to either
control (CG; n = 14; age: 16.4 + 0.8 years; height: 167.9 + 4.9 cm; body mass: 61.1 +
5.9 kg; body mass index: 20.7 + 1.7 kg-m-2) or experimental (EG; n = 14; age: 16.6 +
0.8 years; height: 166.5 + 5.5 cm body mass: 60.1 + 6.1 kg; body mass index: 22.4 +
1.2 kg'm-2) conditions, preserving team-unit integrity. After a comprehensive
briefing regarding protocols, risks, and benefits, written informed consent was
secured from parents/guardians. The investigation complied with Declaration of
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Helsinki guidelines (2013) and received ethical approval from the Catholic
University of Murcia Institutional Review Board (Ref: CE062112; Date: 25 June
2021).

5.3.3. Procedures

Throughout the 2-season intervention, both groups maintained their
standard competitive period training regimen. The EG supplemented their
program with two weekly neuromuscular training sessions, while the CG
continued their regular periodization without including strength training.
Microcycle design was developed collaboratively by coaching and strength staff
and comprised four pitch sessions and one competitive match weekly. All players
were familiarized with assessment protocols through routine club monitoring and
GPS technology exposure during seasonal competition. Physical performance was
evaluated across two sessions: 1) countermovement jump (CM]J) followed by Yo-
Yo Intermittent Recovery Level 2 (minimizing fatigue interdependence), and 2)
1RM assessment in bilateral lower-body resistance exercises. Match external load
variables were recorded from four fixtures pre- and post-intervention for each
season. Standardized 15-minute neuromuscular priming preceded all testing,
comprising 7 minutes of progressive locomotion (jog-walk transitions) and 8
minutes of plyometric progressions coupled with acceleration-sprint drills over
10m/30m distances.

5.3.4. Test

Countermovement Jump Height. Participants executed two maximal-effort
bilateral countermovement jumps (CM]J) separated by 60-second passive recovery
intervals. Standardized instructions emphasized achieving maximal triple
extension impulse through rapid descent, followed by explosive concentric action
while maintaining hands akimbo position to minimize upper-body contribution.
Jump height was quantified using the MyJump 2.0 iOS application (v3.1.4), which
demonstrates near-perfect criterion validity (r = 0.995) and test-retest reliability
(ICC = 0.997) for flight-time derived vertical displacement metrics (Balsalobre-
Fernandez et al., 2015). All trials were captured at 240 Hz sampling frequency using
an iPhone 8 Plus (Apple Inc., Cupertino, CA) with a stabilized tripod at sagittal
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plane alignment (Raya-Gonzalez, Scanlan, et al., 2021). The trial exhibiting the

highest vertical displacement (cm) was selected for subsequent analysis.

Yo-Yo Intermittent Recovery Level 2 Test. Participants performed one trial of
the Yo-Yo Intermittent Recovery Test Level 1, executing repeated 20-m shuttle runs
at incrementally escalating velocities interspersed with 10-second active recovery
intervals. These brief recovery periods required athletes to jog 5 m outward and
return (total 10 m) within the allotted time. Running pace was regulated by audio
cues from a standardized protocol, with test termination occurring when
participants twice consecutively failed to reach the designated line synchronously
with the auditory signal. Total accumulated distance (meters) served as the
primary performance metric (Krustrup et al., 2003). This outcome allowed indirect
prediction of maximal oxygen uptake (VO,max) using validated algorithms. The
testing corridor comprised parallel cones demarcating a 20 x 2 m lane, with an
additional marker positioned 5 m beyond the endpoint to designate the recovery

jog turnaround.

Match Running Demands. External match loads were quantified using Polar
Team Pro systems (Polar Electro Oy, Kempele, Finland). This athlete monitoring
technology integrates 10-Hz GPS with 200-Hz inertial movement units (triaxial
accelerometers, gyroscopes, digital compasses) and integrated heart rate telemetry.
Devices were secured in manufacturer-supplied thoracic harnesses, with
individual unit assignment maintained throughout the study to control inter-
device variability. The system demonstrates excellent criterion validity (typical
error < 3%) and inter-unit reliability (CV < 5%) against gold-standard motion
capture (Akyildiz et al., 2020). Specifically, the following variables were monitored:
total distance covered in meters (TD), very high-speed running distance (VHSR, >

23 km-h-1), and the maximum velocity achieved during matches (Vmax).

5.3.5. Intervention Program

Players participated in a 2-season ST program, conducted prior to regular

soccer training and following a standardized warm-up. The ST integrated strength
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exercises, mobility development, and postural control exercises as detailed in
Tables 1 and 2. Major muscle group exercises (pectoral, lower limbs, dorsal)
employed submaximal loading (70% 1RM), executing 6 repetitions per set at 50%
of maximum repetition capacity [denoted 4x6(12)]. This prescription is derived
from empirical evidence demonstrating that halving maximal repetition volume
optimizes mean concentric velocity, attenuates neuromuscular fatigue, accelerates
recovery kinetics, and reduces cortisol response and exercise-induced muscle
damage in the athletic population (Gonzalez-Badillo et al., 2016). An incremental
load test was conducted to determine the 1RM value for each exercise (Sanchez-
Medina & Gonzadlez-Badillo, 2011), which was repeated across the 2 sessions in
order to get an adapted load. The initial load for all participants was set at 20 kg
and was incremented until mean propulsive velocity fell below 0.5 m-s™, followed
by 2.5-5kg increases until failure. Inter-set recovery exceeded 5 minutes. Session-1
(Table 8) corresponded to weekly initiation; Session-2 (Table 9) to secondary
sessions. Preceding formal testing, a 2-week anatomical adaptation phase (2

sessions/week) ensured tissue readiness.

Table 8. Session-1 for the Traditional Strength Training Program.

Exercises Sets Repetitions

Bulgarian split squat 4 6(12)
Quick steps with band 4 107

Dumble bent row 4 6(12)

One leg deadlift 4 6(12)

Quick step up 4 6 each leg

Lever chest press 4 6(12)
Cable abduction + adduction 2 12
Reverse hyperextension 3 12

Knee up crunch + leg raise 3 15+10
Plank series 3 30"+ 10"+ 30"+ 10"
One leg on Bosu and reach 3 3 One tour each leg

directions with each hand

Table 9. Session-2 for the Complementary Strength Training Program.

Exercises Sets Repetitions
Walking lunge 4 6
Bird dog 3 12 each side
4 side cod CM]J & drop jump 3 3 tours
Prone hamstring curl 4 6
3 6+6

Leg raise & hip raise
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Boxing 3 1’
Abduction + adduction with band 2 12
V-sit trunk rotation with weight 3 6 each side
One leg side to side jump and hold 4 5
3

Plank series 30"+ 10" + 30"+ 10"

5.3.6.  Statistical Analysis

Descriptive data are presented as mean + standard deviation (SD). The
Shapiro-Wilk and Levene's test were conducted to confirm the normality of the
data distribution and the homogeneity of variances, respectively. To assess the
within-group differences among the different periods, a paired-samples t-test was
applied. To evaluate the between-group differences for each period comparison, an
analysis of covariance (ANCOVA) incorporating baseline values as covariates was
conducted. The magnitude of effects was calculated through the effect sizes, which
were evaluated using Cohen's method. These data were interpreted as follows: <
0.2, trivial; 0.20-0.49, small; 0.50-0.80, moderate; and > 0.80, large (Cohen, 1988).
Statistical analyses were carried out using SPSS v29 (SPSS Inc., Chicago, IL),
establishing the level of significance at p < 0.05. To control for Type I error due to
multiple analyses, a Bonferroni correction was applied, and consequently,

statistical significance was set at p <0.01.

5.4. RESULTS

In Table 10 are presented the descriptive data for each variable, period and
group.

Table 10a. Descriptive data related to physical fitness and match load variables across the 2-years follow-up

CG (n=14)
Variables Pre S1 Post S1 Pre S2 Post S2
(mean +SD) (mean +SD) (mean +SD) (mean +SD)
CMJ (cm) 2490 +2.91 25.39+2.75 25.10 +2.86 25.56 +2.89
VO, .. (ml/kg/min) 52.54+2.74 52.99 +2.64 52.53+£2.55 52.88 £2.41
D (m) 9839.27£291.23  10085.45+457.22 9876.99 £371.54 10200.61 + 423.79

VHSR (m) 48.64 £43.76 62.43 +48.31 50.93 £44.03 65.36 +=48.04
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Vimax (ki) 25.13+2.05 2597 +1.81 2542+1.95 2627 +1.67

Table 11b. Descriptive data related to physical fitness and match load variables across the 2-years follow-

up
EGm=14)
Variables PreSI Post S1 Pre §2 Post S2
(mean +SD) (mean #+S8D) (mean #+S8D) (mean #S8D)
CMJ (cm) 25.14 +3.05 29.51+3.62 29.01 +3.48 31.52+2.78
VO,,... (mi/kg/min) 54.55+2.49 57.82 +£2.80 56.46 £2.29 58.64 £2.33
D (m) 10261.73 £847.55 12182.32+830.76 11346.97 +713.52 12217.81 +£752.22
VHSR (m) 53.71 £ 40.47 113.93 £ 65.46 102.43 £ 62.30 125.57 £ 66.29
Vimax (kmh”) 25.90 +1.29 2922+ 1.76 28.72+1.56 30.59 + 1.35

Abbreviations: S1 = season 1; S2 = season 2; CG = control group; EG = experimental group,; SD =
standard deviation; CMJ = countermovement jump; VO2max = maximal oxygen uptake;, TD = total
distance; VHSR = distance covered at above of 23 km-h-1; Vmax = maximum velocity achieved during
matches.

Within-group changes for the CG are shown in Figure 3. Significant
differences were found in CM]J between Pre S1 and Post S1 (p = 0.001; ES = 0.17,
trivial) and PostS2 (p = 0.001; ES = 0.23, small) and between Pre S2 and Post S2 (p =
0.001; ES = 0.16, trivial). In relation to VO2max, no significant differences were
observed (p = 0.041; ES = 0.17, trivial). Regarding match load variables, significant
differences in TD were shown between Pre S1 and Post S1 (p = 0.001; ES = 0.85,
large) and PostS2 (p = 0.001; ES = 1.24, large) and between Pre S2 and Post 52 (p =
0.001; ES = 0.87, large). Also, significant differences were found in VHSR between
Pre S1 and Post S1 (p=0.001; ES =0.32, small) and PostS2 (p =0.001; ES=0.38, small)
and between Pre S2 and Post S2 (p = 0.001; ES = 0.33, small). Finally, significant
differences regarding Vmax were found between Pre S1 and Post S1 (p = 0.001; ES
= (0.41, small) and PostS2 (p = 0.001; ES = 0.56, moderate) and between Pre S2 and
Post S2 (p = 0.001; ES = 0.44, small).
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Figure 3. Within-group changes in CM] and VO,max
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Figure 4 presents the within-group changes for the EG. For the CMJ,
significant differences were obtained between Pre S1 and Post S1 (p = 0.001; ES =
1.27, large) and PostS2 (p = 0.001; ES = 2.09, large) and between Pre S2 and Post S2
(p=0.001; ES=0.72, moderate). Regarding to VO2mayx, significant differences were
observed between Pre S1 and Post S1 (p = 0.001; ES = 1.31, large) and PostS2 (p =
0.001; ES = 1.64, large) and between Pre S2 and Post 52 (p = 0.001; ES = 0.95, large).
In relation to match load variables, significant differences in TD were shown
between Pre S1 and Post S1 (p = 0.001; ES = 2.27, large) and PostS2 (p = 0.001; ES =
2.31, large) and between Pre S2 and Post S2 (p = 0.001; ES = 1.22, large). In VHSR,
significant differences were observed between Pre S1 and Post S1 (p = 0.001; ES =
1.49, large) and PostS2 (p = 0.001; ES = 1.78, large) and between Pre S2 and Post S2
(p = 0.001; ES = 0.37, small). Lastly, significant differences regarding Vmax were
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found between Pre S1 and Post S1 (p =0.001; ES =2.57, large) and Post S2 (p =0.001;
ES =3.64, large) and between Pre S2 and Post S2 (p = 0.001; ES = 1.18, large).

Figure 4. Within-group changes in TD, VHSR and Vmax
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Between-groups differences are presented in Table 11. When comparing Pre
S1 with Post S1, significant differences in favor of EG in all variables were observed
(F=28.14 to 176.71; p = 0.001), similarly to the comparison with Post S2 (F = 54.56
to 469.16; p = 0.001). Finally, in the between-groups comparison considering Pre 52
and Post S2 periods, significant differences in favor of EG were found in all
variables except for VHSR (F = 1.54 to 113.31; p =0.001).
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Table 12. Between-groups differences in physical fitness and match load variables across the 2-years follow-up

Between group differences

Pre S1 vs Post S1 Pre S2 vs Post S2 Pre S1 vs Post S2

Variables F P F p F p
CMJ (cm) 176.71 0.001 113.31 0.001 469.16 0.001
VOomax (ml/kg/min) 50.74 0.001 40.77 0.001 190.22 0.001
D (m) 104.08 0.001 35.50 0.001 81.68 0.001
VHSR (m) 45.65 0.001 17.67 0.226 127.62 0.001
Vmax (km-h') 28.14 0.001 1.54 0.001 54.56 0.001

Abbreviations: S1 = season 1; S2 = season 2; CMJ = countermovement jump, VO2max = maximal oxygen
uptake; TD = total distance; VHSR = distance covered at above of 23 km-h-1; Vmax = maximum velocity
achieved during matches. Significance level was set at p < 0.01.

5.5. DISCUSSION

This study implemented a long-term ST intervention across two consecutive
competitive seasons to examine its effects on CM] performance, maximal oxygen
uptake (VO,max), and external match loads in elite female youth soccer players. To
our knowledge, this represents the first longitudinal investigation analysing the
effects of a 2-year strength program in female soccer players while incorporating
official competition demands. Key findings demonstrated significantly greater
improvements in the EG across all performance variables throughout the 2-year

intervention period.

To monitor long-term physical development in female youth soccer players,
the CM]J test represents a relevant assessment tool (Nuzzo et al., 2008). It is a reliable
and sensitive metric for evaluating lower-body strength (Springham et al., 2024), a
quality extensively linked to soccer performance (Faude et al., 2012). In this regard,
the CG exhibited moderate CM] improvements after both competitive seasons
compared to baseline assessments from Seasons 1 and 2 (i.e., Pre S1 and Pre S2).
These gains likely reflect players' maturational development during peak growth
phases, where habitual soccer stimuli may potentiate lower-body strength
adaptations (Perroni et al., 2024). Similarly, the EG demonstrated significant CM]J
enhancements across all intervention time-points. Crucially, EG improvements

substantially exceeded CG gains (p < 0.01), corroborating previous evidence on
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strength training's positive effects on CM] performance. These benefits appear
amplified when interventions are sustained long-term. Collectively, these findings
underscore the necessity of integrating strength training into youth soccer
periodization to optimize long-term strength development and athletic

performance.

Comprehensive monitoring of physical development in female youth soccer
players necessitates the inclusion of valid endurance assessments (Nowak et al.,
2024). The Yo-Yo Intermittent Recovery Level 2 test provides a reliable prediction
of maximal oxygen uptake (VO,max) in this population (Lockie et al., 2017).
Specifically, players in CG showed no significant improvements in VO,max across
seasons, whereas the EG players demonstrated meaningful enhancements at all
time-points (p < 0.001). These findings align with those obtained by (Sporis et al.,
2011) who observed significant VO,max improvements following a 12-week off-
season strength program in elite female players. Importantly, we obtained an
estimated VO,max through the Yo-Yo IR2 test, as the team had already been

utilizing it as part of their routine physical performance assessments.

In addition to these endurance-related gains, strength training has also been
shown to improve aerobic capacity indirectly, by enhancing force production
capacity, neuromuscular coordination, and efficiency of oxygen utilization
(Haugen et al., 2014; Helgerud et al.,, 2001). These adaptations contribute to
improved running economy, defined as the energy cost of running at a given
velocity, which is particularly important in sustaining prolonged high-intensity
actions during matches (guc et al., 2022; Winther et al., 2022).

However, few studies have specifically examined this interaction in women'’s
soccer players, leaving an opportunity for further research. For this reason,
VO,max assessments were incorporated in the present interventions, as we aimed
to determine whether well-designed strength training could also enhance
endurance capacity in female soccer players. This approach was complemented by
GPS-derived match metrics, including total distance, very-high-speed running

distance, number of sprints, and maximum velocity, providing a more
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comprehensive evaluation of how strength training adaptations translate into

match performance.

The observed endurance gains likely stem from strength training-induced
adaptations, including increased muscle mass, enhanced force production capacity,
and improved oxygen utilization efficiency (Kraemer et al., 1988). This reinforces
the imperative for integrating strength training programs, specifically, training at
half-maximal repetition capacity, to holistically optimize athletic preparedness in

developing soccer players.

While enhancing physical capacity in female youth soccer players is critical
(M Taylor et al., 2012), both for performance outcomes and holistic adolescent
development, the primary aim of any training program remains competitive
success (Wang et al., 2025). Previous research confirms that external match load
variables, such as TD, VHSR and Vmax constitute key performance determinants,
and improving these metrics may therefore facilitate competitive achievement
(Faude et al., 2012). Despite established performance relationships, few studies
have examined how strength training interventions affect competition demands in
soccer. For instance, Byrkjedal et al. (2023) implemented two 10-week strength
protocols (regulated vs. self-selected; 1 session/week) in professional male players,
observing improved high-speed running and sprint metrics in both groups.
However, no prior investigations have addressed this in female youth populations.
In our study, both groups exhibited improved external load metrics during follow-
up, though EG gains were significantly greater (p < 0.001). These enhancements
likely derive from strength training-induced adaptations including: 1) optimized
sprint mechanics supporting higher maximum velocities, 2) potentiated repeated-
sprint ability enabling more very high-speed running bouts, and 3) delayed
neuromuscular fatigue facilitating greater distance coverage across velocity
thresholds during official matches. These results reinforce the idea that strength
training is a key factor in soccer periodization across all ages, with particular
relevance for young soccer players, impacting their performance and facilitating

their transition to professional soccer.
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Several methodological considerations warrant acknowledgment. First,
training volume disparity existed between groups, as the EG supplemented regular
training with strength sessions while players in the CG maintained standard
programming. Second, cluster allocation by team (rather than individual
randomization) may introduce confounding despite both groups following
comparable periodization models. Third, inherent GPS measurement variability,
particularly concerning high-intensity running metrics, should be considered when
interpreting locomotor data. Finally, the exclusive inclusion of female athletes
necessitates caution when extrapolating findings to male populations,

underscoring the need for gender-specific replication studies.

5.6. CONCLUSIONS

Participants in the EG group experienced higher improvements in both
physical fitness and external match load performance, compared to their
counterparts in the CG, showing enhancements in all comparisons along the
intervention period. These results suggest the imperative necessity to include
strength training programs as a relevant part of female soccer players’
periodization, not only to improve their performance, but also to facilitate their

transition to professional soccer.
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VI -CONCLUSIONS AND PRACTICAL APPLICATIONS

6.1. CONCLUSIONS

6.1.1. General Conclusion

This thesis demonstrates that strength and sprint training interventions are
effective strategies for improving the physical fitness and match performance of
female soccer players. Short-term strength training enhanced neuromuscular
performance and match running demands in youth players, while sprint training
produced method-specific adaptations in professionals: TST improved linear sprint
ability, and MIST enhanced match-related sprinting. Long-term strength training
across two seasons resulted in progressive and sustainable improvements,
underscoring its role in player development. Collectively, these findings confirm
that context-specific and periodized training approaches are essential to maximize

both immediate and long-term performance in women’s soccer.

6.1.2. Specific Conclusions

Study 1

- A 10-week in-season ST program in youth female soccer players
significantly improved CM] and estimated VO,max compared to the CG.

- The ST group also achieved superior improvements in TD, VHSR, and
Vmax compared to the CG.

- These results demonstrate that in-season ST enhances both physical

fitness and match performance within a single competitive season.

Study 2

- Both TST and MIST improved performance in professional female
players, but with distinct outcomes.
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- TST was more effective for linear sprint performance in 5 m, 10 m, and 30

m sprint tests.

- MIST was more effective for match-related metrics, including VHSR and

the number of sprints.

- These results confirm that sprint training adaptations are method-specific

and should be aligned with players” performance objectives.

Study 3

- A ST program implemented over two consecutive competitive seasons

resulted in consistent and lasting improvements in CMJ, VO,max.

- The ST also resulted in sustained and cumulative improvements in TD,
VHSR, and Vmax compared to the CG.

- These results fully support the hypothesis that long-term strength

training produces superior and sustainable adaptations.

6.2. PRACTICAL APPLICATIONS

The findings of this thesis have important implications for training and
developing female soccer players. First, Study 1 shows that in-season strength
training can effectively enhance both physical fitness and match performance in
adolescent elite female players. The ability to improve countermovement jump,
aerobic capacity, and match metrics (like total distance, very-high-speed running,
and maximum velocity) suggests that well-planned strength training can
complement soccer practice without overloading athletes. In practical terms, two
weekly strength training sessions are a manageable and effective approach within
busy competition schedules. Second, Study 2 highlights the importance of
matching training methods with specific performance goals. Traditional sprint
training is more effective for improving isolated linear sprint performance, while
modified integrated sprint training offers greater benefits for match sprint
demands, such as very-high-speed running distance and sprint frequency. This
indicates that practitioners should choose sprint methods based on whether the

goal is to improve test performance or match-related skills. Third, Study 3
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highlighted the long-term benefits of systematically implementing traditional
strength training across multiple seasons. Consistent gains in fitness and match
running performance demonstrate that strength training should not be viewed as
optional but as a core part of long-term player development programs. Coaches
and practitioners are encouraged to incorporate strength training within a
periodized framework to achieve both immediate and lasting performance
improvements. Overall, these findings support integrating strength and sprint-
based methods into comprehensive, periodized training programs for female
soccer players. By thoughtfully choosing and structuring training modalities,
practitioners can address both short-term performance needs and long-term

development goals.
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VII - LIMITATIONS AND FUTURE WORK

7.1. LIMITATIONS

While the present thesis provides important insights into the effects of
strength and sprint training interventions on physical fitness and match

performance in female soccer players, several limitations must be recognized.

The first limitation concerns sample size. All three studies involved elite and
professional female players, where recruitment naturally limits the number of
participants. Although significant within-group and between-group differences
were identified, the relatively small sample sizes restrict the ability to generalize

these findings to broader populations or other competitive levels.

Second, the outcome measures mainly focused on standardized fitness
assessments (e.g., sprint times, countermovement jump, Yo-Yo IR2) and external
match performance variables (e.g., total distance, very-high-speed running, sprint
count, maximum velocity). While these metrics are highly relevant to soccer, they
do not encompass the entire spectrum of adaptations. In particular, performance
indicators such as running economy (RE) and repeated-sprint ability (RSA) could
not be measured in the present studies due to logistical and time constraints. Their
omission reduces the breadth of performance insights provided and should be
regarded as an area for future investigation. Physiological markers (such as
hormonal, neuromuscular, or metabolic changes), as well as technical-tactical
performance indicators, were not systematically analysed, limiting the

comprehensive scope of interpretation.

Third, the design and length of the interventions present important
considerations. Study 1 (10-week in-season strength training) and Study 2 (12-week

sprint training) demonstrated short-term adaptations but did not explore long-
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term retention. Conversely, Study 3 spanned two competitive seasons but focused
solely on traditional strength training, thereby excluding other potentially valuable

modalities like plyometric or eccentric training in a longitudinal context.

Finally, contextual factors may have influenced the interventions and results.
Variability in training load from regular soccer practice, menstrual cycle phases,
and recovery status was not fully controlled. Although these factors reflect real-
world soccer conditions, they introduce variability that can interact with training

adaptations and help explain differences in responses.

7.2. FUTURE WORK

Several promising avenues for future research arise from this thesis. First,
future studies should aim to increase sample sizes by collaborating across multiple
clubs or countries. Larger samples would enhance statistical power and enable
subgroup analyses (e.g., by age, playing position, or competitive level), leading to
more detailed recommendations for practitioners. Second, subsequent research
should expand the range of outcome measures. Including physiological markers
(e.g., hormonal, neuromuscular, and metabolic responses), biomechanical
assessments (e.g., sprint mechanics), and technical-tactical indicators would
provide a more complete understanding of how training interventions impact
soccer performance. Third, long-term studies are necessary to compare the
effectiveness of various strength training methods. While Study 3 showed the
benefits of traditional strength training over two seasons, further research should
investigate the long-term effects of plyometric, eccentricc and combined
approaches. This will help determine if these methods offer superior or
complementary benefits compared to traditional training. Fourth, more focus
should be placed on how contextual and individual factors influence adaptation.
Variables such as menstrual cycle phases, biological maturation in youth players,
and match congestion likely interact with training responses. Future research
should systematically examine these factors and incorporate them into

personalized programming strategies. Finally, studies should investigate optimal
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periodization models for integrating strength and sprint training into the broader
demands of female soccer. Understanding how to schedule these interventions
throughout the competitive season and how to balance immediate performance
gains with long-term development will be essential for refining evidence-based

training strategies.
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Abstract

Background: Soccer is a physically demanding sport characterized by frequent high-
intensity efforts, which are particularly relevant in women’s competitions. Improving high-
speed running and aerobic capacity has been linked to better on-field performance. Strength
training has shown promise in enhancing these physical attributes, but its application in
young female soccer players remains underexplored. This study aimed to investigate the
effects of a 10-week in-season strength training program on physical performance and
match running demands in young female soccer players. Methods: Thirty-two U18 Danish
female professional soccer players from two comparable teams voluntarily participated
in the study. Teams were allocated to either an experimental group, performing twice-
weekly strength training (EG, n = 16) or a control group (CG, n = 16). Vertical jump
petformance and Yo-Yo IR2 performance as an estimation for maximal oxygen uptake
(VO,max) were assessed both pre and post intervention. Additionally, players’ match
external demands (i.e., total distance, distance covered at speeds above 23 kmh~!, and
maximum velocity achieved) were monitored using Global Positioning System devices
during four matches before and after the intervention. Results: Significant within-group
differences were observed across all variables for the EG (p = 0.001; ES = 1.08 to 1.45, large),
without differences in the CG (p > 0.01). Between-group analysis indicated significant
differences favoring the EG in all variables (F = 27.40 to 47.17; p = 0.001). Conclusions:
The application of a 10-week strength training program led to improvements in physical
and match running performance among young female soccer players, underscoring the
importance of incorporating strength training programs into female soccer periodization to
enhance performance.

Keywords: resistance training; women; football; team-sport; GPS
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1. Introduction

Soccer is a physically demanding intermittent team sport characterized by alternating
periods of low- and high-intensity activity [1,2]. Notably, these physical demands differ
between men’s and women'’s competitions [3], making it essential to analyze them specifi-
cally by gender. In women’s soccer, recent research has reported that players cover a total
distance of 9 to 10 km per match [4,5], with an average of approximately 30 sprints [6],
along with 200 accelerations and 150 decelerations per game [7]. Additionally, female
players run around 500 m at speeds exceeding 19.0 kmh~! and 125 m at speeds above
22 5kmh~?! [8]. These findings underscore the importance of enhancing high-intensity
capabilities for competitive success [9]. Furthermore, improving maximal oxygen uptake
(VO;max) is essential for delaying fatigue and supporting repeated high-intensity efforts
with minimal recovery time during matches [10]. Therefore, identifying effective strategies
to develop these capacities is critical for strength and conditioning coaches.

For this purpose, strength training has been widely recognized as a key factor [11,12].
In this context, the effects of several methodologies have been examined [13], yielding
significant improvements in physical performance among soccer players. Specifically, in
female soccer, Millar et al. [14] implemented, during the in-season period, a 6-week strength
training program focused on back squats in female high school soccer players, achieving
significant increases in vertical jump performance. Similarly, Spori$ et al. [15] observed im-
provements in VO;max among female soccer players following a 12-week strength training
program during the second off-season period (from November to March). However, soccer
presents unique conditions that must be considered when integrating strength training pro-
grams into soccer periodization [16]. For example, soccer schedules are often unpredictable
and subject to frequent changes, characterizing the sport as highly competitive, with more
than one match per week [17]. Additionally, differences between players, such as starters
and non-starters, influence the available time for training [18]. These factors must be ac-
counted for to identify the optimal approach regarding frequency, methods, exercises, and
session timing. Given the limited time available for implementing specific strength training
sessions, it is essential to adopt strategies that enhance performance without inducing
excessive fatigue. In this regard, Gonzdlez-Badillo et al. [19] proposed performing half of
the maximum possible repetitions for each load during strength training programs. These
authors found that this approach promotes faster mean repetition velocities, minimizes neu-
romuscular performance impairments, facilitates quicker recovery, and reduces hormonal
responses and muscle damage compared to completing all possible repetitions. However,
this methodology has not yet been applied to young female populations to evaluate its
effects on physical performance variables, which is adequate for this population (i.e., young
players with scarce experience with resistance training) instead of reaching muscle failure.

Strength and conditioning coaches have emphasized the importance of improving
physical performance variables to achieve subsequent increases in distances covered at
a high intensity during official matches in the soccer population [20]. In this context,
Pedersen et al. [21] demonstrated a strong association between maximal strength, sprint
performance, jump height, and match physical performance in high-level female soccer
players. Consequently, increases in match load demands contribute to enhanced on-field
performance [22]. This is supported by previous research showing that high-standard
teams cover greater high-intensity distances during official matches in both male [2] and
female soccer players [23]. However, few studies have investigated whether a complemen-
tary strength training program can improve soccer players’ performance. In this regard,
Byrkjedal et al. [20] confirmed that strength training, applied during the in-season period,
is an effective method to enhance external match performance in professional male soccer
players, particularly in high-speed running and sprinting variables. Nevertheless, no
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studies have yet evaluated whether a complementary strength training program for female
soccer players could positively impact their match external load variables or used a strength
training methodology in which participants complete only half of their maximum possible
repetitions, highlighting the need for future research in this area.

To cover this gap, a 10-week strength program was applied in young elite female soccer
players during their regular in season. Specifically, the aim of this study was to analyze the
effects of a 10-week strength training program on physical performance and match running
demands in young female soccer players. Based on prior studies [15,20,24], we hypothesized
that a structured training intervention would lead to significant improvements in both physical
performance and match running performance among female players in the experimental
group compared to a control group.

2. Materials and Methods
2.1. Study Design

A quasi-experimental design was employed to evaluate the impact of a 10-week strength
training program (two sessions per week) on the physical performance and match running
demands of young female soccer players. Physical performance was assessed at baseline and
post training in a single session, which included a jump test (countermovement jump, CMJ)
and an endurance test (Yo-Yo Intermittent Recovery Test). These assessments were conducted
on the team’s natural grass training field, with players wearing their own soccer boots. All
testing sessions took place in the afternoon between 5:00 p.m. and 7:00 p.m. Additionally,
players’ match external demands (i.e., total distance, distance covered at above 23 kmhl,
and maximum velocity achieved) were tracked using Global Positioning System (GPS) devices
during four matches before and after the intervention period. To standardize conditions, players
were instructed to have their last meal 3 h before testing, avoid caffeinated beverages, and
refrain from intense physical activity prior to assessments. A strength and conditioning specialist
supervised all testing sessions, providing verbal encouragement throughout the protocols [25].

2.2. Participants

Thirty-two U18 Danish female elite soccer players (age = 16.4 = 0.8 years) voluntarily
participated in the study. A priori power analysis was conducted using G*Power (version
3.1.9.2, Universitdt Kiel, Kiel, Germany). The analysis indicated that a minimum sample size
of 16 participants per group was required to achieve a statistical power (1-3) of 0.80, based on
an assumed effect size (ES) of 0.90 (large effect) and a significance level () of 0.05. Participants
belonged to two different teams competing at the highest level for their age. Both teams
followed the same style and training schedule, trained 4 times per week [i.e., first session:
recovery or compensation; second session: strength (small-sided games with a reduce number
of players); third session: endurance (large-sided games with a high number of players); and
fourth session: reaction (medium-sided games with a high number of players)], and played
one official match during the weekend. Players were eligible for inclusion in the study if
they had been part of the same soccer academy for the past two years, attended at least 80%
of training sessions over the 10-week period, had a minimum of four years of experience in
systematic soccer training, with low-medium experience in resistance training, and had not
sustained any injuries in the two months prior to the study. Teams were randomly assigned
to either the control group (CG; n = 16; age: 16.4 + (.7 years; height: 168.7 4 5.2 cm; body
mass: 625 + 6.4 kg; body mass index: 21.9 + 14 kg-m‘z) or to the experimental group (EG;
n =16; age: 16.4 = 0.8 years; height: 167.5 + 5.6 cm body mass: 60.9 + 6.5 kg; body mass index:
21.7 + 1.7 kg-m'z), with all the players of the same team being parts of each group. Initially,
44 players were recruited for the study, but 4 goalkeepers were excluded due to the distinct
nature of their training and role in the game, 2 players left the teams prior to post assessment,
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and 6 players were injured during the intervention period and did not complete 80% of the
training sessions (Figure 1). Prior to participation, all players received detailed information
about the study procedures, including potential risks and benefits. Written informed consent
was obtained from their parents or legal guardians. The study adhered to the principles of
the Declaration of Helsinki (2013) and was approved by the ethical committee of the Catholic
University of Murcia under the internal registration number CE062112 (25 June 2021).

Excluded (n=0)
- Not meeting inclusion criteria (n= 4)

- Declined to participate (n=0)
- Other reasons (n=0)

Randomized (n= 40)

l [ Allocation | l

Allocated to intervention (n=20) Allocated to control (n=20)

Follow-Up

Lost to follow-up:
Lost to follow-up:
Less than 80% of training attendance (n= 2)
Less than 80% of training attendance (n= 4)

Left the team before post test (n = 2)

Analysis l

Analysed (n=16) Analysed (n=186)

Figure 1. CONSORT diagram of patticipant’s recruitment, allocation, follow-up, and analysis.

2.3. Procedures

During the 10-week intervention, players from both groups followed their r in-season
weekly soccer training routine, with the EG incorporating two strength training sessions per
week while the CG had no strength training and followed their regular training periodization.
The weekly training program (i.e., microcycle) was designed collaboratively by the coach and the
strength and conditioning specialist, consisting of four soccer training sessions and one official
match. Prior to the intervention, players in the EG completed a 2-week familiarization strength
training program. All participants were already accustomed to the testing protocols from routine
preseason assessments at the club and were familiar with the GPS devices, having worn them
throughout competitive matches during the season. Physical performance assessments were
conducted in two testing sessions: Session 1 followed the sequence of the countermovement
jump (CM]) test and the Yo-Yo Intermittent Recovery Level 2 test to minimize fatigue accumu-
lation, while Session 2 included the one-repetition maximum (1RM) assessment. Data from
four matches before and four matches after the intervention period were also collected. Before
each testing session, a standardized 15 min warm-up was performed. This warm-up included 7
min of slow jogging and walking locomotion, followed by 8 min of jump exercises, progressive
acceleration, and sprint drills over 10 and 30 m distances.

2.4. Test
2.4.1. Countermovement Jump Height

Players completed two bilateral countermovement jumps (CMJs) with 1 min of rest
between attempts. They were instructed to perform a downward motion followed by
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a rapid and complete extension of the lower limbs to maximize jump height, keeping
their hands on their hips throughout the movement. The MyJump 2.0 mobile application
was used to measure CM]J height, a tool shown to be highly valid (r = 0.995) and reliable
(intraclass correlation coefficient = 0.997) for this purpose [26]. All jumps were recorded at
240 Hz with an iPhone 8 Plus mobile device (Apple Inc., Cupertino, CA, USA) [27]. The
best jump height (in cm) was selected for further analysis.

2.4.2. Yo-Yo Intermittent Recovery Level 2 Test

A single set of this test was completed, which involved performing 2 x 20 m shuttle runs
at progressively increasing speeds, with 10 s of active recovery between runs. The recovery
consisted of jogging 2 x 5 m. Players followed an auditory beep signal, and the test concluded
when they failed to reach the finish line in sync with the beep on two consecutive attempts.
The total distance covered (in m) was recorded as the test result [28]. From this test, each
player’s estimated VO,max was calculated indirectly. The test area was marked with cones,
forming a 20 m long and 2 m wide running lane. An additional cone, placed 5 m behind the
finish line, indicated the jogging distance for the active recovery period.

2.5. Match Running Demands

The Polar Team Pro (Polar Electro, Kempele, Finland) device was used to monitor
match external demands. It is an advanced athlete monitoring system designed for team
sports, integrating a 10 Hz GFS, 200 Hz tri-axial accelerometer, gyroscope, magnetometer,
and heart rate monitor. These devices were positioned on the chest of players, with
each player using the same device during the entire experimental period. These devices
have shown high accuracy and acceptable reliability compared to the gold standard [29].
Specifically, the following variables were monitored: total distance covered in meters (TD),
very-high-speed running distance (VHSR, >23 km-h ), and maximum velocity achieved
during matches (Vmax).

2.6. Strength Training Program

Players participated in a 10-week complementary strength training program (CSTT),
conducted prior to regular soccer training and following a standardized warm-up. The
CSTT incorporated strength, range of motion (ROM), and balance exercises, as detailed in
Tables 1 and 2. Strength exercises targeting major muscle groups (e.g., chest, legs, back)
were performed at half of the maximum number of repetitions per set, with 6 repetitions of
the possible 12 [70% 1RM load (4 x 6 (12))]. This approach was based on evidence from
a prior study, conducted with physically active sports science students, demonstrating
that performing half the maximum number of repetitions per set promotes faster mean
repetition velocities, minimizes neuromuscular performance impairments, facilitates faster
recovery, and reduces hormonal responses and muscle damage following exercise [19]. An
incremental load test was conducted to determine the 1RM value for each exercise [30].
The initial load for all participants was set at 20 kg and was progressively increased by
10 kg per set until reaching 0.5 m/s in mean propulsive velocity. Subsequently, the load
was increased by 5 to 2.5 kg until the participant could no longer move it. A rest period
of at least 5 min was allowed between sets. A re-evaluation was implemented prior to
the sessions of the 6th week. Balance exercises were performed on Bosu, with players
having to reach 3 movement directions with their hand, completing 3 sets per exercise.
Players completed Session 1 (Table 1) during their first strength training session of the week
and Session 2 (Table 2) during their second strength training session. Prior to the pre-test
session, players underwent a 2-week anatomical adaptation phase (2 sessions per week).
Throughout the 10-week in-season intervention period, both CG and EG players adhered
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to their regular in-season routines, comprising 4 weekly 60-90 min training sessions in
addition to competitive matches.

Table 1. Session 1 for the complementary strength training program.

Exercises Illustrations Sets Repetitions

Bulgarian split squat 4 6(12)
Quick steps with band 4 10s
Dumble bent row 4 6(12)
One leg deadlift 4 6(12)
Quick step up 4 6eachleg
Lever chest press 4 6(12)
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Table 1. Cont.

Exercises Illustrations Sets Repetitions

Cable abduction + adduction 2 6(12)
Reverse hyperextension i 3 12
Knee up crunch + leg raise 3 15+10
Plank series 3 30s+10s+30s+
10s
One leg on Bosu, reaching 3
directions with each hand 3 Ofieset ghchleg

Notes: 6 (12) = to perform 6 reps of 12 possible reps; body weight exercises did not follow the half rep method.
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Table 2. Session 2 for the complementary strength training program.

Exercises Ilustrations Sets Repetitions

‘Walking lunge 4 6(12)
Bird dog 3 12 each side
4-sided change of direction
CMJ and drop jump 3 3 rounds
Prone hamstring curl 4 6
Leg raise and hip raise 3 6+6
Boxing 3 1 min
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Table 2. Cont.

Exercises llustrations Sets Repetitions

Abduction + adduction with

band 2 12
V-sit trunk rotation with weight 3 6 each side
One-leg side-to-side jump and
4 5
hold
Plank series 3 305+105+30s+
10s

Notes: 6 (12) = to perform 6 reps of 12 possible reps; body weight exercises did not follow the half rep method.

2.7. Statistical Analysis

Descriptive statistics are presented as means =+ standard deviations (SDs). The Shapiro-
Wilk test was conducted to assess the normality of the data distribution, and Levene’s
test was utilized to confirm the homogeneity of variances. To detect between-group and
within-groups differences, an analysis of covariance (ANCOVA), incorporating baseline
values as covariates, was performed. When significant F values were found, Bonferroni
post hoc analysis was performed. Effect sizes (ESs) were computed using Cohen’s method
to evaluate the magnitude of effects and were interpreted as follows: <0.2, trivial; 0.20-0.49,
small; 0.50-0.80, moderate; and >0.80, large [31]. Statistical analyses were carried out using
SPSS v29 (SPSS Inc., Chicago, IL, USA). Based on the Bonferroni correction, statistical
significance was set at p < 0.01.
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3. Results

No significant between-groups differences were found when baseline values were
compared.

The changes in physical performance and match load variables before (baseline) and
after (post training) the 10-week intervention period are presented in Table 3 and Figure 2.

Table 3. Changes in physical performance and match load variables before (baseline) and after (post
training) the 10-week intervention period.

CGin=16 EG (n=16) Between Group Differences
Baseline Post Training Baseline Post Training 2

Fuckpbles {Mean = SD) Mean & SD) Al P BB {Mean + SD) (Mean & SD) AR F 5, £ P n
M] fem) 482272 2507 265 09 100 008 2510 £284 2920 +337 163 0om 144 4575 0001 0302
VO, max (ml/kg/min) 5203287 5251 £283 09 0342 017 5401 £278 57.04+30 580 0.0m 113 717 0001 0150
O fm) 9377 + 1300 543 = 1370 177 0675 013 9773 + 1566 11628 £ 160.70 193 o 118 3L 000 0250
VHSR {m} 4288+ 4417 5067 +49.93 nm 0691 022 4700 + 4190 9238 = 7190 955 0001 108 w4 0 0074
Vimax (kb1 2463 £235 2524 £239 248 0498 026 2517 £233 26,56 £220 B o 145 26 0001 0294

Abbreviations: CG = control group; EG = experimental group; SD = standard deviation; A (%) = percentage
of change between pre- and post-intervention values; p = level of significance; ES = effect size; CM] = counter-
movement jump; VO;max = maximal oxygen uptake; TD = total distance; VHSR = distance covered at above of
23 km-h™!; Vmax = maximum velocity achieved during matches. Significance level was set at p < 0.05.
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Figure 2. Individual changes in physical performance and match load variables before (baseline) and after
(post training) the 10-week intervention petiod. Abbreviations: CG = control group; EG = experimental
group.
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In the within-group analysis, the experimental group (EG) exhibited substantial im-
provements in all variables (p = 0.001), with large effect sizes (ESs). CMJ performance
increased by 16.33% (ES = 1.44), VO;max improved by 5.80% (ES = 1.13), and TD showed a
marked increase of 19.39% (ES = 1.18). Moreover, VHSR almost doubled, with an increase
of 96.55% (ES = 1.08), and Vmax improved by 13.47% (ES = 1.45), highlighting the consider-
able magnitude of the training effects in the EG. Conversely, no within-group differences
were observed in the CG for any variable.

Between-group comparisons revealed significant differences in favor of the EG across
all variables (p = 0.001). The CMJ showed the largest group difference, followed closely
by VO,max and TD. VHSR and Vmax also demonstrated substantial between-group
effects, confirming the superior improvements in physical performance and match load
performance in the EG compared to the CG.

4, Discussion

This study aimed to examine the effects of a 10-week strength training program on
physical performance and match running performance in young female soccer players during
their regular in-season period. The CG did not perform any strength training, as it was not
included in their in-season periodization program. To the best of our knowledge, this is
the first study to investigate the impact of strength training based on completing half of the
maximum number of repetitions per set on match load performance in this population (ie.,
female elite U-18 soccer players). The main obtained findings indicated that players in the EG
achieved significantly greater improvements compared to those in the CG.

The CM]J is widely recognized by soccer strength and conditioning professionals
as a reliable measure of lower extremity power [32], which is strongly associated with
success in soccer [9]. Consequently, training programs should prioritize improving this
parameter. In this study, increases in CM] performance were observed in the EG following
the intervention period, with significant between-group differences in favor of this group.
These findings align with those of Millar et al. [14], who reported a 4.9% improvement
in vertical jump performance after implementing a 6-week in-season strength training
program focused on back squats in female high school soccer players. Similarly, Lambright
et al. [24] conducted an 8-week strength training program (three sessions/week) during
the preseason in young female soccer players (i.e., 16 years), observing improvements of
1.19 & 2.71 cm in CM]J performance post intervention. The training group also seemed to
improve the estimated VO;max, potentially derived from an improvement in the muscles’
ability to use oxygen. Enhancements in VO,max contribute to delaying the onset of
fatigue, thereby enabling repeated high-intensity efforts with minimal recovery time during
matches [10]. In this study, an estimated improvement in VO2max were observed in the
EG (5.8%), although it cannot be ruled out that the improvement in Yo-Yo IR2 performance,
was related to improvements in muscle strength and power. Similar findings have been
reported in previous research. For example, Spori3 et al. [15] documented increases in
VO;max following a 12-week strength training program (three sessions/week) during the
off-season period in elite female soccer players (under 20 years). These results highlight
the importance of incorporating strength training programs into soccer periodization to
enhance both high-intensity actions and aerobic power. Also, it is necessary to highlight
that these strength training programs could be enhanced if their methodology is based
on performing half of the reps in the main lifts, since although prior studies presented
significant improvements, in the present study, these improvements were also achieved but
in a more time-efficient manner (i.e., half the reps), while generating less labor that could
interfere with soccer performance.
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Certain external load metrics, such as TD, VHSR, and Vmax achieved during matches,
are critical determinants of soccer performance, with top-tier teams often exhibiting the
highest values in these variables [2]. Consequently, it is essential to develop strategies that
enhance performance in these metrics during matches to achieve greater soccer success.
In this study, the between-group comparison revealed significantly greater improvements
in the EG for TD, VHSR, and Vmax. These findings may be attributed to the strong
relationship between strength levels and high-intensity actions, as well as external match
performance [21,33]. Also, we hypothesize that the applied strength training could improve
sprint mechanics, support higher maximum velocities, potentiate repeated-sprint ability,
enable more very-high-speed running bouts, and delay neuromuscular fatigue, facilitating
greater total distance covered during match play. Despite this, no previous studies have
specifically examined the impact of strength training programs on external match load
performance in young female soccer players, although this has been explored in men’s
soccer. For example, Byrkjedal et al. [20] implemented two distinct strength training
programs (i.e., regulated vs. self-selected) over a 10-week period (one session per week)
in professional male soccer players. Both groups demonstrated improvements in external
match load variables, such as high-speed running and sprint running. These findings
reinforce the notion that strength training is a crucial component for enhancing external
match performance during official competitions.

Despite the promising findings, this study has several limitations that practitioners
should consider. The main limitation is that two teams were involved, and all the players
of the same team were allocated into the same group. In this sense, although the training
standards of both groups were similar, this could have impacted the results obtained due
to the influence of the coaches. Another limitation is that the EG completed a higher total
training volume, as the CG did not supplement their regular soccer training. Also, only
two teams participated in the study, consistently maintaining the same roles. Therefore,
future research involving a greater number of teams or employing a crossover design is
needed to draw more robust conclusions. In addition, the assumed GPS variability must be
considered, mainly when high-intensity distances are assessed. Finally, other important
abilities, including flexibility, change in direction speed, and repeated-sprint ability (RSA)
must be assessed in future studies. Finally, the study exclusively included female soccer
players, which limits the generalizability of the findings to male players, highlighting the
need for similar studies in male populations.

5. Conclusions

The main findings in this study showed improvements in young female soccer players’
physical performance and match running performance after the application of a 10-week
strength training program. Using a practical approach, it is suggested to incorporate the
proposed strength training program, focused on the lower limb, into young female soccer
players’ periodization to improve not only physical performance but also match load parame-
ters. Future studies considering the impact of the strength program on injury occurrence or
long-term studies analyzing the retention of performance gains should be performed.
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