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Resumo

Contexto: O futebol feminino € um desporte em crescimento e comisso o nimero de lesdes,
incluindo a rutura do ligamento cruzado anterior (LCA), também aumentou. Uma vez que
este tipo de lesao tem um impacto financeiro e no desempenho desportivo das equipas e
atletas, é pertinente definir um conjunto de critérios que ajudem num melhor e mais sequro

return to play (RTP).

Objetivo: Definir critérios de RTP apds lesao do LCA no futebol feminino.

Métodos: A scoping review foi realizada utilizando a PRISMA Extension for Scoping
Reviews (PRISMA-ScR), em 11 de junho de 2023. Esta pesquisa foi realizada em trés
plataformas: PubMed, PEDro e Science Direct, utilizando termos similares a “feminino”,
“futebol”, “ACL" e “return to play”. Para serem incluidos os estudos devem ter amostra
exclusiva de jogadoras de futebol feminino com histdrico de lesao do LCA. Quanto aos

resultados, foram analisados diferentes parametros e as formas de os avaliar.

Resultados: Foram incluidos oito dos setecentos e seis artigos identificados. A maioria dos
estudos utilizou bateria de hop tests ou andlise de movimento como critério de RTP, mas
varios outros parametros também foram considerados. A avaliacao dos parametros
encontrados foi realizada de diferentes maneiras, sendo as medidas mais comuns a
percentagem de LSI e os dados de performance pré-lesao, quando disponiveis. A maioria
dos estudos aconselha a utilizacao de baterias de testes, com inclusao de diversos

parametros, para a tomada de decisao de RTP.

Conclusao: A literatura que estuda os critérios de RTP apds lesao do LCA, em jogadoras de
futebol feminino, é muito limitada. Os estudos analisados parecem concordar que uma
bateria de testes é a melhor forma de avaliar a preparacao das jogadoras para RTP, mas os
testes que devem ser incluidos ainda nao estao definidos. Assim, sao necessarios mais
estudos nesta populacao para definir um conjunto de testes que permita uma RTP de

sucesso.

Palavras-chave: Feminino; Futebol; ACL; Return to Play



Abstract

Context: Female soccer is a growing sport and with that, the number of injuries, including
anterior cruciate ligament (ACL), is also rising. Because this kind of injury significantly
impacts the financial and sports performance of the teams and athletes, is pertinent to

define a set of criteria that helps in a better and more safe return to play (RTP).

Objective: Define Return to play criteria after ACL injury in female soccer.

Methods: The scoping review was conducted using PRISMA Extension for Scoping
Reviews (PRISMA-ScR), on June 11th, 2023. This research was done on three platforms:
PubMed, PEDro and Science Direct, using terms related to “women”, “soccer”, “ACL" and
“Return to Play”. To be included the studies should have an exclusive female soccer player
sample and athletes had to have an ACL injury. As for the outcomes, the different

parameters, and the ways of measuring them, were analyzed.

Results: Eight out of the seven hundred and six identified articles were included. Most
studies used hop test batterie or movement analysis as an RTP criteria, but several other
parameters were also considered. The evaluation of the finding parameters was conducted
in different ways, the more common measurement were the LSI percentage and data from
pre-injury performance when available. Most studies advised the use of test batteries, with

the inclusion of different parameters, for making an RTP decision.

Conclusion: The literature on RTP criteria after an ACL injury, in female soccer players, is
very limited. The studies seem to agree that a batterie of tests is the best way of assessing
the players' readiness to return to play, but the tests that should be included are not yet

defined. Therefore, more studies with this population are required for further conclusions.

Keywords: ACL; RTP; women; soccer
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1. Introduction

The participation of female athletes in sports has increased over the last decade (Webster,
2021 & Griffin, 2020 & Crossley, 2020). Women's foothall has also seen a significant increase in
the number of participants, currently counting (Crossley, 2020 & Valenti, 2018) more than 13
million, according to Fédération Internationale de Football Association (FIFA) (Bakare, 2021 &
Randell, 2021). The reduced number of studies on the biomechanics of women's football, the lack
of guidelines, training and prevention programs, and the increase in physical and performance
demands, combined with the growth in sports practice at younger ages, (Bram, 2020) may have
increased the number of injuries. (Gianakos, 2022 & Memon, 2018 & Lidanger, 2019).

The athletes’ goal after an anterior cruciate ligament (ACL) injury is to quickly return to their
pre-injury performance level. However, the literature mostly studies male players, with data on
female athletes tending to be underrepresented (Brinlee, 2022 & Taberner, 2020 & Webster,
2021), even with the incidence of injury being 2.2 times higher in women's foothall (2/10000h of
exposure) when compared to men's (0.9/10000h) (Owoeye, 2020). Injuries in football,
regardless of the sporting level, mostly occur in the lower limb (Bakare, 2021), including injuries
to the knee joint. An ACL injury implies a high economic burden for teams, as it causes a prolonged
layoff for the athlete (Ross, 2023 & Dai, 2014), with inferior knee-related outcomes in females
than male athletes. (Bruder, 2023).

The ACL's main function is to stabilize the knee and limit hyperextension. (Calvo Fernandez,
2022 & Golan, 2019 & Prado, 2019), when the ligament is compromised there is a loss of these
functions, leading to joint instability (Hassebrock, 2020). The injury occurs due to anteriorization
of the tibia, through contact, more commonin male athletes, or without contact, representing 70%
of injuries in female athletes (Calvo Fernandez, 2022). Rapid deceleration movements and
change of direction are the most common injury mechanisms. (Parsons, 2021 & Olivares-
Jabalera, 2021)

The etiology of ACL injuries in female athletes is multifactorial (Zago, 2021), with some
differences when compared to male athletes (Calvo Ferndndez, 2022 & Hohmann, 2021 &
Parsons, 2021 & Dauty, 2022). Female athletes have a narrower femoral intercondylar fossa,
increased anterior inclination of the tibial plates (Hohmann, 2021 & Parsons, 2021 & Dauty, 2022
& Calvo Ferndndez, 2022), and higher ligament laxity, associated with a higher concentration of
estrogen (Hansen, 2016). A dynamic knee valgus, present in the technical gesture of women's

football, due to the increase in the Q angle, can cause lateral oscillations of the mass center at



landing and increase the athlete's risk for injury (Della Villa, 2020 & Calvo Ferndndez, 2022 &
Zago, 2021 & Zehis, 2015). Decreased muscle strength in the lower limb can predispose the
athlete to ACL injury, as itis also associated with dynamic knee valgus during single-leg landing.
(Collings, 2022).

In athletes, it is usual to choose surgical ligament reconstruction via arthroscopy, instead of
the conservative approach. (Gallaga, 2022) In reconstruction surgery can be used autografts
removed from the hamstring or patellar tendon, which are associated with greater vulnerability
of the extraction place (Wu, 2022 & Matiola, 2022), or allografts/synthetic grafts, associated
with higher levels of rejection (Matiola, 2022 & Satora, 2017). The healing process can occur up
to 2 years after surgery, this being the period in which there are more reinjuries (Brinlee, 2022).
Athletes who return to competition before 9 months are 7 times more likely to tear their ACL
again, and it is advised to only return after this period (Brinlee, 2022 & Badawy, 2022).

The rehabilitation program must be solid, to return the player to the pre-injury competitive
level, and should be started immediately after surgery, to restore neuromuscular function and
restart specific training for the sport (Brinlee, 2022 & Almeida, 2018). Earlier rehabilitation is
associated with better clinical, functional, and performance outcomes, both in the short term and
2 years after the intervention (Brinlee, 2022 & Badawy, 2022 & Grindem, 2015). According to the
most recent guidelines, immediate knee mobilization and strength/neuromuscular training
should be implemented postoperative, using exercises with body weight, in a closed and open
chain. Cryotherapy, hydrotherapy, electrostimulation, and core strengthening can also be used,
depending on the individual circumstances of each player and the presence of other associated
injuries. (Andrade, 2020 & Kotsifaki, 2023 & Badawy, 2022). Passive mobilization is not
recommended, as it does not present significant improvements in the recovery progression
(Andrade, 2020). Rehabilitation must consider tissue healing time, but progression criteria must
be defined based on the assessment of ROM, pain, swelling, and muscle strength (Brinlee, 2022
& Badawy, 2022). Establishing realistic objectives allows for the creation of checkpoints that
guide the progression of the rehabilitation process (Cavanaugh, 2017). In football, physical,
technical, and tactical skills are necessary (Almeida, 2018), therefore, the last phases of
rehabilitation must be carried out in a team and field context (Brinlee, 2022).

The mental components, including motivation, recovery expectations, fear of reinjury, self-
esteem (Vutescu, 2021), and stress and confidence levels, are extremely important for a

successful return to play (RTP) and must be periodically assessed, using, for example, the



Anterior Cruciate Ligament - Return to Sport After Injury (ACL-RSI) questionnaire (Brinlee, 2022),
kinesiophobia, pain catastrophizing or fear of reinjury, can impede the athlete's progression
(Badawy, 2022). Educating the player about the surgery and recovery process, as well as setting
realistic goals, can increase adherence to the rehabilitation process (Badawy, 2022 & Brinlee,
2022).

The RTP rate after ACL reconstruction in elite women's football is 82%, however, 25% end up
relapsing (Webster, 2021 &). This scoping review aims to contribute to the definition of objective
criteria for RTP, reducing the risk of recurrence (Brinlee, 2022), reducing the dropout rate, and

contributing to the return to the previous level of performance (Swart, 2014).



2. Methods

Scoping reviews are exploratory projects that systematically map the literature available on
atopic, identifying key concepts, theories, sources of evidence, and gaps in the research. They are
particularly helpful when the literature is heterogeneous and can be used to develop a research
agenda and identify areas for future systematic reviews or other types of evidence synthesis
(Peters, 2020). Therefore, considering the research question, this method was used to conduct

the present study.

2.1. Literature Search Approach

The present scoping review was conducted in agreement with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA-2020) guidance (Page, 2021). The
reviewers framed the research question based on the FINER criteria (Aslam, 2010). Research
was conducted on the following health and science electronic databases: PubMed, Science Direct,
and PEDro (Physiotherapy Evidence-Based Database) by two reviewers. A general search was
led to gather an overview of the available information on this topic, including a combination of the
terms ‘ACL" AND ‘RTP’ AND ‘soccer’ AND ‘female’, This research was essential to design the
search strategy. The final search was carried out on June 11", 2023, using the same strategy on
two databases (PubMed, PEDro), including the keywords ‘woman (OR female)', ‘soccer (OR
football)’, and ‘anterior cruciate ligament (OR ACL) ". For the last database (Science Direct) the
keywords ‘return to play (OR RTP)" were added to the previous ones. The searching expression
foreach database s available in Table 1. The bibliographic references of the included articles were

also analyzed for potential articles that could be relevant to this study.

Table 1: Information sources and search strategy

Database Search fields Search terms (database subject headings)
1-  (Woman OR female)
PubMed 2- (Soccer OR football)
PEDro Title, abstract, keywords, full text 3- (Anterior cruciate ligament OR ACL)
) ) 4- (Returnto play ORRTP)
Science Direct 5-  PubMed e PEDro (1AND 2 AND 3)

6- Science Direct {1AND 2 AND 3 AND 4)




2.2. Eligibility Criteria and Quality Assessment

The selection criteria were defined using PICOS (participants, intervention, comparator,
outcomes, study design) (Amir-Behghadam, 2020), language, and article access. A detailed
description of these criteriais presented in Table 2.

To assay the level of evidence of each article, the reviewers used the Oxford Centre for
Evidence-Based Medicine Levels of Evidence (OCEBM LoE). This method classifies articles in five
different levels of evidence, from 1 (higher) to 5 (lower). A higher level of evidence means a higher

quality study (Howick, 2011).

Table 2: Eligibility criteria for included studies

Inclusion criteria Exclusion criteria

(P} - Female soccer players

(1) - Group with ACL injury

Surgical treatment to other knee ligaments
(C) — Healthy knee players or none

Never being a soccer player
(0) - Parameters for RTP

(S)-An Other languages

Language - English, Portuguese, Spanish

2.3. Selection of Sources of Evidence

The original search was executed by two independent reviewers who analyzed the title and
abstract of the founded articles. A first selection was made, and the articles that perceptibly did
not meet the inclusion criteria were excluded, in case of doubt the article was not excluded. In
case of doubt a third opinion was considered. In Figure 1it is possible to examine the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flowchart that was used
as a base for this selection process (Page, 2021). At the next step, the reviewers analyzed the full
text of the remaining articles and the ones that didn't entirely meet the inclusion criteria were

excluded. The remaining articles will be the base of this study.

2.4. Outcome Extraction

After the selection process, the remaining articles were analyzed, and the relevant data was
extracted and organized by category, ina chart (Table 3 & 4). The categories that were considered
pertinent to assist in the development of this scooping review were: author, year of publication,
sample data (size and mean age), control group characterization (size, mean age, and criteria),

study type, level of evidence and criteria to RTP (parameters, tests, and tests outcomes).



3. Results

The literature search (ran on June 11th, 2023) resulted in a total of 706 articles. After
removing the duplicates, the title and abstract of the remaining 632 articles were screened and
544 were excluded. The full text of the remaining 88 articles was analyzed and assessed for
eligibility criteria. 80 articles were removed for the following reasons: Twenty-nine didn’t specify
RTP criteria, twenty-four used athletes from several sports, seventeen used both female and
male soccer players, 2 used only male athletes, six used healthy athletes, one was written in
French and one was not available. Therefore, a total of 8 relevant articles were identified. This
information is summarized in the PRISMA flowchart (Fig. 1). The information that characterizes

the eight included studies is available in Tables 3 and 4. The complete list of included articles is

available in Appendix 1.
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Figure 1: Flow diagram of study selection




3.1. Study and Sample Characteristics

Using the OCEBM LoE, this scoping review included one cross-sectional study, three
cohort studies, and four case reports, this translates to 50% of the level of evidence 4 and 50%
of the level of evidence 2. The total sample of the included studies amounts to 628 athletes, 432
of which had an ACL injury and ACL reconstruction, and 196 without an ACL injury belonging to
the control groups. All athletes were soccer players, most being over 16 years old, with one

exception being one of the case reports (age 12 years old).

Table 3: General characteristics of included studies

Ne Author (year, country) Sample data sty ype Letvel o

Size Mean age (years) evidence
1 ?an;e? Fsa\l:,if;:nm) 154 % c'gfg; i ;;1 Cross-sectional study 2
2 (2’(';'[;’9 D}anrgziri) L 21 Case report 4
: Anz;g?; I;;A//-\er;Z:)ale s e Cohort study 2
4 Je(;fEJEZyOI,B.UT:.)/,\l;)r L 12 Case report 4
2 M(a;g;?)t,)zrlz)er 1 24 Case report 4
£ :-\Zn;;?::z;z:) 236 % (I:E:: ?;) ::2 Cohort study 2

Anne Faltstrom
117 202 Cohort stud 2
7 (2021, Sweden) * onort study

Josefine E. Naili
1 1 4
£ (2023, Sweden) 8 Case report

Legend: IG-intervention group; CG- Control group;
'Group control: Same team, without ACLR
2 Group control: Healthy knee players

3.2. Parameters and Test Outcomes

Six of the studies evaluated Hop performance, including a combination of the following
tests: Six studies included single hop for distance test, three of them included the side hop test,
two included the triple hop for distance test, the 5-jump test, or the single vertical hop test, and
one study included the single crossover hop for distance test and the timed single leg 6m hop test.

Movement analyses were also a common parameter present in the studies, five of them
used the drop vertical jump, four used the tuck jump and one used the countermovement jump.
Three studies evaluated strength, two through isometric strength of flexion/extension of the

knee and one through isokinetic evaluation of the same muscle groups.



Patient-reported outcome measures (PROM) of knee function and other parameters
were also analyzed in three studies. Two used the International Knee Documentation Committee
(IKDC) and one of these also used Anterior Cruciate Ligament -Quality of Life (ACL-QoL), ACL-
RSI, Swedish Universities Scales of Personality (SPP), and Sport Multidimensional Perfectionism
Scale (SMPS).

Two studies assess the external load, one adopting the GPS system and the other
analyzing the total distance in rehabilitation sessions. Dynamic Balance was assessed in two
studies using the Star Excursion Balance Test (SEBT). One study also included surgeon discharge

and pain/swelling as parameters that should be considered for a safe RTP.

3.3. (Criteria for RTP Discussion

Onthe hop testbattery two studies used Limb Symmetry Index, LS1>90% for a successful
test (Article 4 and 8), two used LS1>90% and <110% (Article 1and 6), one used LSI>100% (Article
2) and one used different a reference for each test (LSI single hop for distance (> 102%), LS| side
hop (>97%), 5 jump test (> 916cm)) (Article 7). On strength evaluation, LSI> 90% was also used in
two studies (Article 4 & 8) and the other one adopted the <5% asymmetry criteria between lower
limbs (Article 5).

Movement analyses were assessed in different ways, for Countermovement Jump (CMJ)
the study used the player’s pre-injury data as reference values to RTP (Article 5). Tuck jump was
analyzed through motion analysis software in one study (Article 7) and in the other three, the
selected criteriawas less than 6 flawed technique (Article 1,3 and 6). As for the Drop Vertical Jump
(DVJ), motion analysis software (Article 7), technique assessment by observation (Article 4),
motion analysis (quality symmetry of takeoff, landing from box, knee motion, feet position at
landing, weight displacement) (Article 3) and study sample values (Article 1) were used as
references.

The SEBT had the same criteria in both studies where it was present, <0.04 m between
limbs in anterior reach or composite score reach distance 294% of limb length (Articles 1and 6).
As for patient-reported outcomes, only one study presents values for one of the questionnaires
(ACL-RSI <5,8) (Article 7).

Todetermine externalload as RTP criteria were used subjective criteria, including enough
load of pitch training, higher training load than pre-injury, enough load of technical actions (Article

5) and total distance in treatment sessions (Article 4).



Table 4: Outcome measures of included studies

Author
Parameters Tests Tests outcomes
(year, country)
Patient-
reported IKDC -
outcomes
Ho Single hop for distance
P genhop Hop tests: LSI>90% and <110%
. . performance 5 jump test
Anne Faltstrom
(2017, Sweden) Movement Tuck jump test <6 flawed techniques
analyses Drop Vertical Jump test Values hased on study sample
<0.04 m between limbs in anterior
Dynamic Star Excursion Balance reach
Balance Test Composite score reach distance 294%
of limb length
Patient-
atien Self-reported knee
reported . -
. function
Mette K. Zebis outcomes
(2017, Denmark) Ho Single hop for distance,
P Triple hop for distance, LSI2100% in all tests
performance . .
Single vertical hop
Tuck jump test <6 flawed techniques
Movement Quality symmetry on takeoff, Landing
analyses i i iti
Amelia J. H. Arundale y Drop Vertical Jump test from box,. Knee n.10t|0r.1, Feet position
(2018, Sweden) atlanding, Weight displacement
Patient-
reported = =
outcomes
Single hop for distance
Hop Timed single Ieg.Gm hop LSI>90%
Triple hop for distance
performance
1leg crossover hop for
distance
Jeffrey B. Taylor Isokinetic hamstrings LSI>90%
(2020, U.5.A) Strength L .
Isokinetic quadriceps
External
xterna Total Distance -
loads
Movement

analyses

Drop Vertical Jump test

Quality assessed hy observation




Table 4 (continuation)

Strength Isometric strength <5% asymmetry in lower limb muscle
External . Enough I.oad ofp|tchtra|n|rlg
loads GPS Higher training load than pre-injury
Matt Taberner . Enough load of technical actions
ovement
S (2020, UK) Y Countermovement Jump Player’s pre-injury data
analyses
Surgeon B _
discharge
Pai
am./ Observation No pain or swelling
swelling
H ingle hop for di
op Single hop for distance LS1290% and <110%
performance Side hop
<0.04 m between limbs in anterior
Dynamic Star Excursion Balance reach
6 Anne Faltstrom Balance Test Composite score reach distance 294%
(2021, Sweden) of limb length
Tuck jump <6 flawed technique
Movement <6.5cm knee valgus motion
analyses Drop Vertical Jump test <4.1cmin frontal plane
pKAM < 91%
Patient-
IKDC, ACL-QoL, ACL-RSI
ted ' ' ' ACL-RSI(<5,8
reporte SSP, SMPS (58)
outcomes
7 Anne Faltstrom Ho Single hop for distance LSI single hop for distance (>102%)
(2021, Sweden) P Side hop LSl side hop (> 97%)
performance ) .
5 jump test 5 jump test (> 916cm)
Movement Tuck jump test . .
- Motion analysis software
analyses Drop Vertical Jump test
Single hop for dist
Hop |ng e hop o.r istance LS1>90%
. - Single vertical hop
Josefine E. Naili performance .
8 Side hop
(2023, Sweden) -
Isometric peak knee LSI>90%
Strength

extension/flexion

Legend: IKDC- International Knee Documentation Committee; LSI- Limb Symmetry Index; ACL-QoL- Anterior

Cruciate Ligament -Quality of Life; ACL-RSI- Anterior Cruciate Ligament - Return to Sport After Injury; SSP- Swedish
Universities Scales of Personality; SMPS- Sport Multidimensional Perfectionism Scale
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4. Discussion

Even though the reinjury rate, after ACL reconstruction (ACLR), is higher in female soccer
players than in male soccer players, 25% in women (Webster, 2021) to 7,4% in men (Farinelli,
2023), the information available about female athletes is very limited. Some hypotheses about
the reason for this difference between sexes can be raised. A bigger dynamic knee valgus at
landing, a higher Q angle, or a deficit in muscle strength can be associated with functional deficits
in female athletes and lead to ACL injury (Della Villa, 2020) & Calvo Fernandez, 2022 & Zago,
2021 & Zebis, 2015). The application of male study focus on female athletes can be a contributive
factor for injury of this kind (Parsons, 2021 & Devana, 2022).

The literature says that the ACLR recovery process should be, at least, 9 months
(Kaplan,2019), and it also says that most reinjures happen in the first two years after the
reconstruction (Brinlee, 2022 & Badawy, 2022). Therefore, a rehabilitation process and
consequent RTP should be done with criteria for a successful and free reinjury return to
competition (Brinlee, 2022 & Almeida, 2018).

On the studies that were analyzed for this scoping review, the criteria that were used more
times was the hop batterie of tests, presentin 6 of the 8 studies. Hop test, according to one of the
studies had a good test-retest reliability on soccer female players (Zebis, 2017). This battery of
tests varied in composition (the single hop test was the one present in more studies). Although
hop battery tests are present in most of the studies about return to play, the literature does not
consider it a criteria that can be used by itself to determine RTP readiness. Like most studies with
male athletes, it's also advised, in female athletes to use a batterie of tests that include several
parameters (Bizzin, 2012 & Davies, 2017).

Lower limb strength and movement analyses were also used frequently as an RTP criterion.
This kind of assessment is important due to the biomechanics associated with soccer and the
higher number of movements that involve jumping, landing, and change of direction during a
match or a practice session. The literature says that good levels of strength (Wang, 2023), are
important to soccer players, even if most of the studies about this topic are about male players,
also training age (the number of years that a player has been playing foothall) seems to be
connected to a more symmetrical lower limb strength (Fousekis, 2010) and a lower risk of injury,
this fact can be associated with a higher number of ACL injuries in younger athletes when
compared with their older peers. Players with poor biomechanics have a higher risk of

injury/reinjury, therefore, to prevent reinjury during the RTP process is advised to do movement

1"



analyses to assess the quality of athletes’ movement and reduce the risk factors identified during
this evaluation process. (Della Villa, 2022)

To evaluate hop performance, some studies used the LSI>90%. Using this criteria can bring
another problem, LSI>90% does not take into account the decrease in performance of the
uninjured limb during the recovery process due to the lower workload that the athletes endure
when they are injured. Therefore, three of the studies used LSI >90% and <110%, to decrease the
difference between limbs. One of the case reports uses the player’'s pre-injury data for reference
values, this, when available, can be a big advantage to the recovery process and be very useful to
RTP decisions because the decision-makers have access to pre-injury levels of performance,
which can more easily be established as goals.

As for movement analyses, it can be considered more of a qualitative criteria. Most of the
time it involves the subjective evaluation of the evaluator, making it harder to be reproduced by
others because different therapists can have different perceptions of error or flaws in a
movement analysis. A solution for this problem can be recording the tests for posterior analysis
if necessary.

Workload is the less used criteria in the selected studies, maybe due to difficulty to access
GPS equipment, since it is a more recent and expensive technology, but this parameter can be an
interesting way of controlling the players' progression during the rehabilitation process and after
the RTP. In the case reports where it is used the reference values are the athlete pre-injury data.
Workload includes exposition pitch time and the number of technical actions, this can be very
easily transferred to the pitch context when pre-injure data of the player is available. As a
collective sport, that involves specific movements, the players, after the rehabilitation process,
need to readapt to team playing, and that can only be done outside the clinical setting and onto
the field. This adaptation should be gradual because an abrupt rise in workload, in soccer players,
is associated with lower limb injury (Taylor, 2020), therefore the control of this criteria should be
considered when assessing RTP, to a better adaptation to the team context.

Self-report questionnaires also show a lower quantity of information for female soccer
players, nevertheless, the questionnaires present in these studies can be helpful to access red
flags regarding players’ mental condition and the level of confidence in RTP (Gomez-Espejo,
2022). Since alower level of confidence and fear of movement are associated with reinjury, using
this kind of questionnaire can help identify psychological barriers that can delay the player's

return to competition (Badawy, 2022). A mix of physical and mental readiness should be the goal
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of the rehabilitation process (Badawy, 2022 & Brinlee, 2022). For this, it is advised that the
decision-making process should be conducted by a multidisciplinary team, that also includes the
player, making sure that the goals are aligned for everyone involved in the process.

Time alone, symmetry on strength and power and even the hop batterie can’t be used as
isolated RTP criteria (Faltstrom, 2021 & Taylor, 2020) because alone they do not necessarily
translate to a good sports adaptation. It can be concluded that battery tests that include several
parameters are the best way of assessing RTP readiness and this fact comes in agreement with
the prior male-based studies (Bizzin, 2012 & Davies, 2017). The exact tests that should be in this
battery have not yet been defined for this population, and it is pertinent to do so in the future due

to the growing number of players in this specific sport.
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5. Limitations and Strengths

This scoping review has some limitations, one of them is the low number of studies included,
due to the lack of studies about the present topic. The lower level of evidence in the analyzed
articles is also a factor to take into account, the studies with higher levels of evidence did not
present a conclusive set of criteria for RTP in female athletes. Also, 50% of the studies are case
reports, that showed a set of criteria but should be analyzed with caution due to their lower level
of scientific evidence. These facts revert to the conclusion that more studies, with a higher level
of evidence, should be done regarding this subject.

As for this scoping review's strengths, the fact that the sample it's of female soccer players
only can be an important starting point for future studies that can focus on this growing

population.
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6. Conclusion

The rising number of female athletes in soccer, associated with a higher time of training and playing
exposition can lead to an increased number of ACL injuries. Due to the longer time of recovery that's
associated with this kind of injury, it is in athletes’ and teams’ best interest to make the rehabilitation and
RTP process the fastest and most successful that it can be, minimizing the financial and sportive damage.

The literature on RTP criteria after an ACL injury, in female soccer players, is very limited.
Isolated criteria are not recommended to make an RTP decision, and several parameters should
be evaluated. The studies seem to agree that a batterie of tests is the best way of assessing the
players' readiness to return to play, but the tests that should be included are not yet defined.

Therefore, more studies with this population are required for further conclusions.

7. Declaration of competing interest

The author declares that there is no conflict of interest regarding this paper.

15



Bibliographic references

Almeida, A.M., et al. (2018). Aerobic fitness in professional soccer players after anterior cruciate
ligament reconstruction. PLoS ONE, 13(3).

Amir-Behghadami M., Janati A. (2020) Population, Intervention, Comparison, Outcomes and
Study (PICOS) design as a framework to formulate eligibility criteria in systematic reviews.
Emergency Medicine Journal

Andrade R., et al. (2020). How should clinicians rehabilitate patients after ACL reconstruction? A
systematic review of clinical practice guidelines (CPGs) with a focus on quality appraisal (AGREE
I1). Br J Sports Med, 54:512-519.

Aslam S., Emmanuel P. (2010) Formulating a researchable question: A critical step for facilitating
good clinical research. Indian J Sex Transm Dis AIDS. 31(1):47-50. doi:10.4103/0253-
7184.69003

Badawy C.R,, et al. (2022). Contemporary Principles for Postoperative Rehabilitation and Return
to Sport for Athletes Undergoing Anterior Cruciate Ligament Reconstruction. Arthroscopy, Sports
Medicine, and Rehabilitation, e103-e113.

Bakare U., et al. (2021). Injury prevention knowledge, beliefs, and practices among women's
football teams in South Africa. S Afr Sports Med, 33:1-6.

Bram J.T., et al. (2020). Anterior Cruciate Ligament Injury Incidence in Adolescent Athletes: A
Systematic Review and Meta-analysis. The American Journal of Sports Medicine, 1-11.

Brinlee AW., et al. (2022). ACL Reconstruction Rehabilitation: Clinical Data, Biologic Healing, and
Criterion-Based Milestones to Inform a Return-to-Sport Guideline. Sports Health, 14,5 (770-
779).

Bruder A.M., Culvenor A.G., King M.G., Haberfield M., Roughead E.A., Mastwyk, J., Crossley K.M.
(2023). Let's talk about sex (and gender) after ACL injury: a systematic review and meta-analysis
of self-reported activity and knee-related outcomes. British journal of sports medicine, 57(10),
602-610.

Calvo Fernandez Y., et al. (2022). Programa preventivo de lesién de ligamento cruzado anterior
en futbol femenino durante periodos de confinamiento. MHSalud, vol.19 n.2.

Cavanaugh J.T., Powers M. (2017). ACL rehabilitation progression: where are we now? Current
reviews in musculoskeletal medicine, 10, 289-296.

Collings T. J., Diamond L. E., Barrett R. S, Timmins R. G., Hicke J. T., Du Moulin W. S., Bourne M.N.
(2022). Strength and biomechanical risk factors for noncontact ACL injury in elite female
footballers: a prospective study. Medicine and science in sports and exercise, 54(8), 1242-1251.

16



Crossley K.P., et al. (2020). Making football safer for women: a systematic review and meta-
analysis of injury prevention programs in 11773 female football players. British Journal of Sports
Medicine, 54:1089-1098.

Dai B., Mao D., Garrett W.E., Yu B. (2014). Anterior cruciate ligament injuries in soccer: Loading
mechanisms, risk factors, and prevention programs. Journal of Sport and Health Science, 3(4),
299-306.

Dauty M., et al. (2022). Anatomical and Neuromuscular Factors Associated to Non-Contact
Anterior Cruciate Ligament Injury. J. Clin. Med., 11,1402.

Davies G.J., McCarty E, Provencher M, Manske RC. (2017) ACL Return to Sport Guidelines and
Criteria. Curr Rev Musculoskelet Med. (3):307-314. doi:10.1007/512178-017-9420-9.

Della Villa F.B., et al. (2020). Systematic video analysis of ACL injuries in professional male
football (soccer): injury mechanisms, situational patterns and biomechanics study on 134
consecutive cases. BrJ Sports Med, 54:1423-1432.

Della Villa F., Di Paolo S., Santagati D., et al. (2022) A 2D video-analysis scoring system of 90°
change of direction technique identifies football players with high knee abduction moment. Knee
Surg Sports Traumatol Arthrosc 30, 3616-3625. https://doi.org/10.1007/s00167-021-
06571-2

Devana S.K., Solorzano C.,, Nwachukwu B., et al. (2022) Disparities in ACL Reconstruction: the
Influence of Gender and Race on Incidence, Treatment, and Outcomes. Curr Rev Musculoskelet
Med 15, 1-9). https://doi.orq/10.1007/s12178-021-09736-1

Faltstrém A., Hagglund M., Hedevik H., Kvist J. (2021) Poor Validity of Functional Performance
Tests to Predict Knee Injury in Female Soccer Players With or Without Anterior Cruciate Ligament
Reconstruction. Am J Sports Med. 49(6):1441-1450. doi:10.1177/03635465211002541.

Farinelli L., Abermann E., Meena A., Ueblacker P., Hahne J., Fink C. (2023) Return to Play and
Pattern of Injury After ACL Rupture in a Consecutive Series of Elite UEFA Soccer
Players. Orthopaedic Journal of Sports Medicine.11(3). doi:10.1177/23259671231153629

Fousekis K., Tsepis E., Vagenas G. (2010) Lower limb strength in professional soccer players:
profile, asymmetry, and training age. ) Sports Sci Med. 1;9(3):364-73.

GallagaM.), etal. (2022). Reconstruccién del ligamento anterolateral en pacientes con lesién del
ligamento cruzado anterior. Acta Med GA, 20 (2): 151-156.

Gianakos A.L., et al. (2022). Rehabilitation and Return to Sport of Female Athletes. Arthroscopy,
Sports Medicine and Rehabilitation, 4:1, pp e247-e253.

17


https://doi.org/10.1007/s12178-021-09736-1
https://doi.org/10.1177/23259671231153629

GolanE.J, etal. (2019). Anatomic reconstruction of anterior cruciate ligament: concept, indication
and its efficacy. Ann Joint, 4:9.

Gomez-Espejo V., Olmedilla A., Abenza-Cano L., Garcia-Mas A., Ortega E. (2022) Psychological
readiness to return to sports practice and risk of recurrence: Case studies. Front Psychol.
23;13:905816. doi: 10.3389/fpsyq.2022.905816.

Griffin J., et al. (2020). Contextual factors influencing the characteristics of female football
players. Journal of Sports Medicine and Physical Fitness.

Grindem H., Granan L. P, Risherg M. A, Engebretsen L., Snyder-Mackler L., Eitzen I. (2015). How
does a combined preoperative and postoperative rehabilitation program influence the outcome
of ACL reconstruction 2 years after surgery? A comparison between patients in the Delaware-
Oslo ACL Cohort and the Norwegian National Knee Ligament Registry. British journal of sports
medicine, 49(6), 385-389.

Hansen M., et al. (2016). Sex Hormones and Tendon. Adv Exp Med Biol, 920:139-49.

Hassebrock J.D., et al. (2020). Knee Ligament Anatomy and Biomechanics. Sports Med Arthrosc,
28:80-86.

HohmannE., et al. (2021). Medial and Lateral Posterior Tibial Slope Are Independent Risk Factors
for Noncontact ACL Injury in Both Men and Women. The Orthopaedic Journal of Sports Medicine,
9(8).

Howick J., et al. (2011) "Explanation of the 2011 Oxford Centre for Evidence-Based Medicine
(OCEBM) Levels of Evidence (Background Document)”. Oxford Centre for Evidence-Based
Medicine

Kaplan Y., Witvrouw E. (2019) When Is It Safe to Return to Sport After ACL Reconstruction?
Reviewing the Criteria. Sports Health. (4):301-305. d0i:10.1177/1941738119846502.

KotsifakiR., Sideris V., King E., Bahr R., Whiteley R. (2023). Performance and symmetry measures
during vertical jump testing at return to sport after ACL reconstruction. British Journal of Sports
Medicine.

Lidanger L., et al. (2019). Return to Play and Long-term Participation in Pivoting Sports After
Anterior Cruciate Ligament Reconstruction. Sage Journals, 47(14).

Matiola LR. (2022). Reconstrucao do ligamento cruzado anterior com a utilizacao de enxerto do
tendao patelar: revisao de ensaios clinicos. International Journal of Health Management, 8-1.

Memon AR, etal. (2018). Motivation and factors affecting sports participation: a cross-sectional
study on female medical students in Pakistan. JPak Med Assoc, vol.68, No.9,1327-1333.

18



Olivares-Jabalera J., Filter-Ruger A., Dos’ Santos T., Afonso J., Della Villa F., Morente-Sanchez J.,
Requena B. (2021). Exercise-based training strategies to reduce the incidence or mitigate the risk
factors of anterior cruciate ligament injury in adult foothall (Soccer) players: A systematic
review. International journal of environmental research and public health, 18(24),13351.

Owoeye 0.B.A., VanderWey M.J,, Pike I. (2020) Reducing Injuries in Soccer (Foothall): an Umbrella
Review of Best Evidence Across the Epidemiological Framework for Prevention. Sports Med -
Open 6, 46. https://doi.org/10.1186,/s40798-020-00274-7

Page M.J., McKenzie J.E., Bossuyt P.M., Boutron 1., Hoffmann T.C., Mulrow C.D., et al. (2021) The
PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ;372:n71.
doi:10.1136/bm;j.n71

Parsons J.L., et al. (2021). Anterior cruciate ligament injury: Towards a gendered environmental
approach. BrJ Sports Med, 55:984-990.

Peters M.D.J., Marnie C,, et al.(2020) Updated methodological guidance for the conduct of scoping
reviews. JBI Evidence Synthesis 18(10):p 2119-2126, DOI: 10.11124/JBIES-20-00167

Prado M., et al. (2019). Anterior Cruciate Ligament: Anatomy and Biomechanics. J Health Sci,
21(2):166-9.

Randell R, et al. (2021). Physiological Characteristics of Female Soccer Players and Health and
Performance Considerations: A Narrative Review. Sports Medicine, 51:1377-1399.

Ross A.G., Agresta B., McKay M., Pappas E., Cheng T., Peek K. (2023). Financial burden of anterior
cruciate ligament reconstructions in foothall (soccer) players: an Australian cost of injury
study. Injury Prevention.

Satora W., et al. (2017). Synthetic grafts in the treatment of ruptured anterior cruciate ligament
of the knee joint. Polim Med, (1):55-59.

Swart E., et al. (2014). Prevention and Screening Programs for Anterior Cruciate Ligament
Injuries in Young Athletes. ) Bone Joint Surg Am, 96(9): 705-711.

Taberner M., et al. (2020). Physical preparation and return to performance of an elite female
football player following ACL reconstruction: a journey to the FIFA Women’s World Cup. BMJ
Open Sport & Exercise Medicine, 1;6(1:e00084.

Valenti M., et al. (2018). Women's football studies: an integrative review. Sport, Business and
Management, vol. 8 no. 5, pp. 511-528.

Vutescu E.S., Orman S., Garcia-Lopez E., Lau )., Gage A, Cruz Jr A.l. (2021). Psychological and
social components of recovery following anterior cruciate ligament reconstruction in young

19



athletes: a narrative review. International Journal of Environmental Research and Public
Health, 18(17), 9267.

WangK., Wang, Y.(2023) Strength Training In The Lower Limbs Of Soccer Players, Rev Bras Med
Esporte — 2023; Vol. 29 — e2022_0631.

Webster K.E. (2021). Return to Sport and Reinjury Rates in Elite Female Athletes After Anterior
Cruciate Ligament Rupture. Sports Med, 51, 653-660.

Wu J,, et al. (2022). Rehabilitation Principles to Consider for Anterior Cruciate Ligament Repair.
Sports Health, (3):424-432.

Zago M, et al. (2021). Fatigue Induced by Repeated Changes of Direction in Elite Female Football
(Soccer) Players: Impact on Lower Limb Biomechanics and Implications for ACL Injury
Prevention. Front. Bioeng. Biotechnol, 9:666841.

Zehis MK, et al. (2015). Effects of evidence-based prevention training on neuromuscular and
biomechanical risk factors for ACL injury in adolescent female athletes: a randomized controlled
trial. Br J Sports Med, 0:1-7.

Zebis MK., Andersen C.H., Bencke J., @rntoft C., Linnebjerg C., H6lmich P., Thorborg K., Aagaard P.,
Andersen L.L. (2017) Neuromuscular Coordination Deficit Persists 12 Months after ACL
Reconstruction But Can Be Modulated by 6 Weeks of Kettlebell Training: A Case Study in
Women's Elite Soccer. Case Rep Orthop. 2017:4269575. Doi: 10.1155/2017/4269575.

20



Appendix 1: Articles included in this Scoping Review

1.

Faltstrdm A, Hagglund M, Kvist J. (2017) Functional Performance Among Active Female
Soccer Players After Unilateral Primary Anterior Cruciate Ligament Reconstruction
Compared With Knee-Healthy Controls. Am J Sports Med. 45(2):377-385. doi:
10.1177/0363546516667266.

Zehis MK, Andersen CH, Bencke J, @rntoft C, Linnebjerg C, H6lmich P, Thorborg K, Aagaard
P, Andersen LL. (2017) Neuromuscular Coordination Deficit Persists 12 Months after ACL
Reconstruction But Can Be Modulated by 6 Weeks of Kettlebell Training: A Case Study in
Women's Elite Soccer. Case Rep Orthop. 2017:4269575. doi: 10.1155/2017 /4269575.
Arundale AJH, Kvist J, Hagglund M, Faltstrém A. (2019) Jumping performance based on
duration of rehabilitation in female football players after anterior cruciate ligament
reconstruction. Knee Surg Sports Traumatol Arthrosc. 27(2):556-563. doi:
10.1007/s00167-018-5154-5.

Taylor JB, Owen E, Ford KR. (2020) Incorporating Workload Measures Into Rehabilitation
After Anterior Cruciate Ligament Reconstruction: A Case Report. Int J Sports Phys Ther.
15(5):823-831. doi: 10.26603/ijspt20200823.

Taberner M, van Dyk N, Allen T, Jain N, Richter C, Drust B, Betancur E, Cohen DD. (2020)
Physical preparation and return to performance of an elite female football player
following ACL reconstruction: a journey to the FIFA Women's World Cup. BMJ Open Sport
Exerc Med. 6(1):e000843. doi: 10.1136/bmjsem-2020-000843.

Faltstrom A, Hagglund M, Hedevik H, Kvist ). (2021) Poor Validity of Functional
Performance Tests to Predict Knee Injury in Female Soccer Players With or Without
Anterior Cruciate Ligament Reconstruction. Am J Sports Med. 49(6):1441-1450. doi:
10.1177/03635465211002541. Epub 2021 Apr 12. PMID: 33844590.

Faltstrém A, Kvist J, Bittencourt NFN, Mendonca LD, Hagglund M. (2021) Clinical Risk
Profile for a Second Anterior Cruciate Ligament Injury in Female Soccer Players After
Anterior Cruciate Ligament Reconstruction. Am J Sports Med. 49(6):1421-1430.
doi:10.1177/0363546521999109.

Naili JE, Markstrém JL, Hager CK. A Longitudinal (2023) Case-Control Study of a Female
Athlete Preinjury and After ACL Reconstruction: Hop Performance, Knee Muscle
Strength, and Knee Landing Mechanics. Sports Health. 15(3):357-360. doi:
10.1177/19417381221147305.

21



