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Abstract

Research is studying the effects of fatigue on various factors that may predispose
to the risk of injury during jumping and landing. This study aims to (a) analyze
landing technique in subelite young female soccer players, (b) understand
whether fatigue negatively affects landing technique, and (c) test whether dif-
ferent metabolic and neuromuscular exercises affect landing technique. The
sample is composed of subelite female, young soccer players under 15 (n = 23,
(14.22 + 0.67) years, weight: (64.9 + 5.6) kg; height: (149.9 + 4.8) cm). Before
and after two exercise protocols aimed at determining a state of fatigue (func-
tional agility short-term fatigue protocol and RSA protocol), the landing tech-
nique was assessed using the Landing Error Score System (LESS). The LESS
assessment for the pre-fatigue and post-functional agility short-term fatigue
protocol condition, respectively, showed a value of 5.44 + 0.46 and equal to
8.66 £ 0.97 (p> 0.001, ES: 1.44). The LESS assessment for the post-RSA proto-
col condition showed a value of 8.91 + 0.42; this value was statistically signifi-
cantly higher than the pre-fatigue condition (p > 0.001, ES: 1.56). High-inten-
sity exercises affect the quality of landing control: the modulation of high neu-
romuscular and metabolic intensity exercises in the weekly micro-cycle can
help train young female soccer players with better results and lower injury risk.
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1. Introduction

Injury prevention in women’s soccer is a crucial aspect of ensuring the health and
performance of female athletes. As football is a high-intensity sport that combines

changes of direction, acceleration, and physical contact, specific strategies must
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be adopted to reduce the injury risk.

Recent literature on the subject highlights the relevance of setting up adequate
assessment sessions in the preseason phase to reduce the risk of non-contact in-
juries to female soccer players (Collings et al., 2022; Edison et al., 2022; Saber et
al., 2024). High-intensity changes of direction, jumping, and landing constitute
two very high-risk movements for female soccer players (Bisciotti et al., 2019; Ziv
etal., 2010). In fact, one of the most frequent biomechanical risk factors associated
with non-contact anterior cruciate ligament injury is valgus knee (Skouras et al.,
2022; Lucarno et al., 2021; Natali et al., 2019).

Young female soccer players starting competitive practice must be assessed on
landing skills (Sannicandro et al., 2024).

The process of developing motor skills related to basic fundamental movements
such as jumping or running has been related to the possibility of increasing the
quantity and quality of motor experiences in developmental age (Sannicandro,
2024; Tsuda et al., 2020; Gao et al., 2021; Ceruso et al., 2019; Esposito et al., 2019).

The period within which most children develop fundamental movements is
completed around puberty, while thereafter, the process of refinement begins,
spanning into adulthood (D’Elia et al., 2023; Angulo-Barroso et al., 2022; D’Isanto
et al., 2021).

In the classification of basic functional movements, jumping appears; however,
landing on the ground, which is the complementary and subsequent movement
to jumping, is not mentioned (Chow et al., 2020).

Furthermore, it must be considered that landing strategies are very different
and that this movement is often performed on one leg (Tillman et al., 2004).

The duration of an official match and the demands of the soccer performance
model require these movements to be maximal, performed at very high intensity
and under fatigue conditions (Batalla-Gavalda et al., 2023; Choi & Joo, 2022;
Vescovi et al., 2021; Esposito & Raiola, 2020).

For these reasons, research investigating the effects of fatigue on some factors
may predispose to injury risk during jumping and landing (Kamitani et al., 2023).

These studies have demonstrated that central and peripheral fatigue can nega-
tively affect landing technique and posture in both elite and youth athletes (San-
nicandro et al., 2024; Esposito & Raiola, 2020). Particularly in women’s soccer, per-
formance differences are observed when comparing youth and elite female soccer
players, leading to the hypothesis that jumping skills are not sufficiently empha-
sized in the training of female athletes (Castagna & Castellini, 2013).

Data on girls’ participation in sports around the world indicate an incremental
trend in recent years (Fink, 2015): between 58% in the United States and 21% in
Europe (Deng & Fan, 2022; Kwon et al,, 2021; Emmonds et al.,, 2021) are ap-
proaching competitive sports so it seems of great relevance to turn attention to
the different phases of jumping (Lima et al., 2019a).

In fact, jumping and landing constitute two movements that are used with a

very high frequency in all sports and constitute two skills that have been highly
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attended in the literature because of their relationship with injury risk (Song et al.,
2023; Chijimatsu et al., 2020; Bates et al., 2019).

In fact, it is known how knee injuries, and anterior cruciate ligament injuries
in particular, take on epidemiological significance when looking at the occur-
rence of such injuries in the female population participating in sports (Mando-
rino et al., 2023; Di Paolo et al., 2023; Larwa et al., 2021; Hagglund & Waldén,
2016).

The increase in the number of soccer players in the female population entails
the need to monitor movements at risk: furthermore, the increase in the number
of young sub-elite football players calls for greater consideration because this type
of player does not have the same motor and functional characteristics as elite or
professional football players (Vescovi et al., 2021; Choice et al., 2022).

Therefore, the evaluation of the landing technique becomes an indispensable
time to intervene in training sessions and introduce effective compensatory exer-
cises for young female athletes (Limroongreungrat et al., 2022; Okoruwa et al.,
2022; Beese et al., 2015; Root et al., 2015).

In particular, the differences in Ground Reaction Force (GRF) in the landing
phase between adults and youth are known to lead to bias towards the landing
technique itself (Bassa et al., 2022).

The Landing Error Score System (LESS) constitutes an effective and validated
diagnostic assessment tool to investigate the two-leg landing technique in sports
(Limroongreungrat et al., 2022; Okoruwa et al., 2022; Fox et al., 2016; Padua et al,,
2015).

The total score obtained through the LESS is a valid predictor of lower limb
injury (Rostami et al., 2020; Root et al., 2015).

In fact, through this test, it is possible to analyze landing motion and know
which positions present mechanics that may be a risk factor for the lower limb
(Jimenez-Garcia et al., 2023; Barber-Westin & Noyes, 2017; Root et al., 2015).

The literature through systematic reviews has investigated how fatigue alters
landing technique (Santamaria & Webster, 2010) in individuals who are engaged
in a return-to-play process (Peebles et al., 2021; Gokeler et al., 2014), in young
college athletes (Zhang et al., 2021), in basketball players (Liveris et al., 2021; Reina
Roman et al., 2019), in female collegiate athletes over 19-years old (Cortes et al.,
2012) or during different landing techniques (Heebner et al., 2017).

To date, analysis of the effects of fatigue on landing technique has focused on
activities very specific to the sports considered, such as simulated matches or high-
intensity exercise (Peebles et al., 2021; Liveris et al., 2021; Vermeulen et al., 2023).

Only recently, researchers turned their attention to fatigue-inducing protocols
using drills and movements similar to the soccer performance demands of young
female soccer players (Sannicandro et al., 2024).

This study aims to (a) analyze landing technique in subelite young female soc-
cer players, (b) understand whether fatigue negatively affects landing technique,
and (c) test whether different metabolic and neuromuscular exercises affect land-

ing technique.
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2. Materials and Methods

(a) Participants

The 23 participants (average age: (14.22 * 0.67) years, weight: (64.9 + 5.6) kg;
height: (149.9 + 4.8) cm) were youth female soccer players who competed in
subelite soccer team in Italy. Participants were included if they were aged 13 - 14
years old and had been training for soccer training and competition for at least 2
years. Exclusion criteria were (a) having suffered a musculoskeletal/articular in-
jury in the 3 months prior to the start of the experimental protocol, (b) having
suffered any traumatic event that could hinder high-intensity exercise and evalu-
ation, and (c) having never participated in high-intensity training in the past 2
months.

The study was approved by the club’s manager by the FIGC (Federazione Ital-
iana Giuoco Calcio) regional ethics committee and was performed according to
the principles expressed in the Declaration of Helsinki. The written informed con-
sent was obtained from the parents, while the young female soccer players signed
the informed assent.

(b) Procedures

The two protocols aimed at achieving a fatigue condition were proposed at the
same time (5.30 PM) and 72 hours apart to avoid biasing the assessments.

For both protocols, the same warm-up (15 minutes) consisting of a running
phase at 60% of HRmax (6 minutes), a lower extremity and trunk mobility phase
(4 minutes), and a special and soccer-specific running phase (5 minutes) was pro-
vided.

At the end of the warm-up, the LESS test was performed under pre-fatigue con-
ditions.

The LESS protocol involves a jump onto a landing zone from a 30 cm box at a
distance equal to 50% of the individual’s height, followed by a maximum vertical
jump (Beese et al., 2015).

The LESS provides for 17 scored items to assess the landing from both the sag-
ittal and frontal views. The LESS test score is based on the detection of errors on
a number of easily observed markers of the jump-landing movement. A higher
LESS score indicates more errors and, therefore, modest landing and jumping
techniques. In agreement with previous research (Sannicandro et al., 2024; Beese
et al.,, 2015), LESS scores are categorized for the specific population observed and
are defined as excellent (0 - 3 points), good (4 - 5 points), moderate (6 points),
and poor (>7 points).

The execution of the test should be videotaped, ensuring that the two cameras
are placed to detect movements in the frontal and sagittal planes (Liveris et al.,
2021).

The cameras were mounted on tripods and placed in front and to the side of
the jump box and landing area. The lens height of each camera was 121.92 cm
from the floor and 345.44 cm from the landing area, which is in agreement with

previous research (Sannicandro et al., 2024).
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The sample was randomly assigned in a 1:1 ratio to a functional agility short-
term fatigue protocol or to a Repeated Sprint Ability (RSA) protocol. Then, each
participant followed a) a functional agility short-term fatigue protocol (Cortes et
al., 2012), implemented by other soccer-specific skills, and b) the RSA protocol
(volume:360 meters).

The functional agility short-term fatigue protocol included step-ups on a 30-
cm box, diagonal run exercise, an “L-drill” exercise (Carvalho et al., 2017), 5 coun-
termovement maximal jumps with hands bound at the hips, running back and
forth on a speed ladder, and a 5-0-5 run.

The functional agility short-term fatigue protocol involved the following suc-
cession of exercises: a series of step-up movements on a 30 cm high step for 20
seconds with the metronome set at 160 bpm (Sannicandro et al., 2024; McLean et
al., 2007); then they performed a repetition of fast “L-drill” running; then they
performed diagonal maximal speed run in 6 stretches of 5 meters; after that they
performed 5 maximal and consecutive CMJs. After the CM]Js, they would perform
the ladder agility exercise.

The sequence of running patterns on the speed ladder (3 meters) was required
as follows: in the first and second repetitions, they touched with both feet in each
space of the ladder, while in the third and fourth repetitions, a lateral run (once to
the left and once to the right) was required, with both feet touching each space of
the speed ladder with a metronome set at 180 bpm (McLean et al., 2007). Each set
included the four agility speed ladder drills.

Lastly, they performed a 5-0-5 drill at a maximal speed run (Table 1).

Table 1. The sequence of exercises introduced in the functional agility short-term fatigue
protocol; this sequence was repeated for 4 sets.

Functional agility short-term fatigue protocol (sequence of the exercises)

1) Step up on a 30 cm high step for 20 seconds (at 160 bpm - metronome)

2) L-drill running at maximal speed

3) Diagonal maximal speed run in 6 stretches of 5 meters

4) 5 maximal and consecutive CM]Js

5) 4 repetitions of running on a speed ladder of 3 meters (at 180 bpm - metronome)

6) 5-0-5 drill at maximal speed run

Participants had to perform a total of four sets of the fatiguing protocol with no
rest between the sets. Four sets were chosen based on similar research in the liter-
ature that has been shown to induce an effective fatiguing state (Cortes et al.,
2012).

The RSA protocol (Gabbett, 2010; Lockie et al., 2020; Bishop et al., 2011) in-
volved performing 6 repetitions of 20m (15 seconds after every 20m and 3 minutes
after the 6 repetitions); this exercise was repeated for 3 sets for a total of 360 m

(Table 2). All exercises were performed requiring all-out intensity.
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Table 2. The sequence of exercises introduced in the RSA protocol.

Repeated Sprint Ability protocol

1) 20 meters x 6 (rest: 15 sec)
Rest 3 minutes
2) 20 meters X 6 (rest: 15 sec)
Rest 3 minutes
3) 20 meters x 6 (rest: 15 sec)

Rest 3 minutes

During the functional agility short-term fatigue protocol and RSA protocol,
participants used wireless heart rate (HR) monitors equipped with a telemetry
system (Polar Electro Oy, Kempele, Finland) to detect the exercise sequence in-
tensity (peak HR, and a percentage referred to the maximum HR (% HR max)).

At the end of the protocol, they reported the RPE value using the CR10 Borg
Scale.

To be considered in a fatigued condition, subjects’ heart rate had to be at a min-
imum of 80% of their estimated maximum heart rate.

Immediately upon completion of functional agility short-term fatigue or RSA
protocol, participants again performed the LESS post-fatigue assessment (Sanni-
candro et al., 2024).

(c) Statistical analysis

At first, descriptive statistics analysis was performed. Then, a t-test for depend-
ent samples was carried out, using the level of significance at p < 0.05. The evalu-
ation of the effect prior to and post-short-term fatigue protocol for the tested hy-
pothesis was estimated using Cohen’s d method (Cohen, 1992): as for the effect
size index (Effect Size), after calculating the § index, it is possible to convert it into
Effect Size: < 0.20 small; 0.50 average; > 0.80 large. Statistical analyses were per-
formed using the software Statistical Package for Social Sciences (SPSS 22.0 for
Windows).

3. Results

The LESS assessment for the pre-fatigue and post-functional agility short-term
fatigue protocol conditions respectively showed a value of (mean + ds) 5.44 + 0.46
and equal to 8.66 + 0.97 (p> 0.001, ES: 1.44).

The load intensity determined by the functional agility short-term fatigue pro-
tocol resulted in a peak HR value of (183.44 £ 5.32) bpm and a % HR of 89.21% *
2.93%.

Load assessment by CR10 Borg Scale showed a value of 8.11 * 0.52.

The LESS assessment for the post-RSA protocol condition showed a value of
8.91 + 0 (Figure 1); this value was statistically significantly higher than the pre-
fatigue condition (p > 0.001, ES: 1.56).
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LESS value (pt)

m Pre fatigue W Post- functional agility short-term fatigue protocol W Post - RSA protocol

Figure 1. Fewer values in pre-fatigue condition, post-functional agility short-term fatigue
protocol conditions, and post RSA protocol (***p < 0.001).

The load intensity determined by the RSA protocol resulted in a peak HR value
of (170.36 + 5.15) bpm and a % HR of 82.96% + 3.86%.

Load assessment by CR10 Borg Scale showed a value of 7.91 + 0.68.

No statistically significant difference was observed between the LESS, peak
HR, %HR, and CR-10 Borg Scale values in the two post-fatigue conditions.

The values are summarized in Table 3.

Table 3. Values of the LESS test and internal load parameters were measured under the observed conditions.

Post-functional agility short-term p- ES Post-RSA

Pre-fatigue fatigue protocol value protocol pvalue  ES
LESS 5.44 + 0.46 8.91 + 0.42 0.0005 1.56 8.66 + 0.97 0.0003 1.44
FC peak 183.41 £5.32 170.34 £ 5.15
% HR 89.21 £2.93 82.96 + 3.86
CR-10 8.11£0.52 7.91 £ 0.68
Borg Scale

4. Discussion

The aim of the study was to investigate the landing technique in young U15 sub-
elite female soccer players. Furthermore, the study wanted to analyse whether dif-
ferent protocols aimed at determining fatigue (neuromuscular or metabolic) could
influence landing strategies in young female subelite soccer players.

According to the knowledge currently available in the literature, there is only
one study that has focused on landing technique under fatigue conditions in
young female soccer (Sannicandro et al., 2024).

Certain frequently repeated movements during an official competition or a sport-
specific drill (e.g., a one-leg stop or a landing) require careful and frequent assess-
ment by strength and conditioning coaches.

This attention must be maximised especially in women’s youth soccer due to
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the knowledge of knee injuries (Lucarno et al., 2021).

Indeed, the literature shows that age and gender are two factors that condition
lower limb movement patterns between the ages of 11 and 16 (Shultz et al., 2022;
Otsuki et al., 2021; Yu et al., 2005).

The comparison of the values obtained in the LESS in resting conditions and
post-functional agility short-term fatigue protocol showed a statistically signifi-
cant decrease in landing technique in young female subelite soccer players with a
large ES.

A similar result was observed when comparing LESS values under resting con-
ditions and LESS values after the RSA protocol with a large ES.

No statistically significant differences emerged between the neuromuscular and
metabolic fatigue conditions.

The values obtained after performing the two protocols aimed at achieving a
fatigue state in young female soccer players should direct attention toward the
landing technique, which has so far been modestly investigated in the literature
on young female athletes (Angulo-Barroso et al., 2022; Zhang et al., 2021).

The results obtained in this study are consistent with the findings of a research
study that used the same fatigue conditions in young prepubescent female soccer
players: although with slightly different values, the fatigue conditions led to a de-
crease in the landing performance quality in younger female soccer players as well
(Sannicandro et al., 2024).

In this regard, the literature highlights how the landing technique is sport-spe-
cific in young athletes and how it is related to the sport practiced, especially at a
young age (Estevan et al., 2020).

In particular, soccer requires young female soccer players to engage in high and
very high-intensity activity that involves numerous changes of direction, braking,
sprinting, and jumping that induce high peripheral and central fatigue (Randell et
al., 2021; Vescovi et al., 2021; Esposito & Raiola, 2020).

In this direction, the literature points out that fatigue negatively affects certain
risk factors, showing a reduction of muscle strength, joint control, and stabilisa-
tion, and a qualitative reduction in the sensation of joint position (Verschueren et
al., 2020; Vermeulen et al., 2023). This reduction in postural and joint control rep-
resents a worrisome picture for lower limb injury risk because it is known to what
extent landing can be affected by the misalignment of different body segments
(Vermeulen et al., 2023; De Blaiser et al., 2018; De Ridder et al., 2015). For exam-
ple, trunk flexion appears to influence GRF in landing, the proximal segments
being crucial in the execution and control of jumping and landing, just as lateral
trunk flexion substantially changes the load on the two lower limbs (De Bleecker
et al., 2020; Chuter & Janse de Jonge, 2012).

The performance decrease in the control of the landing technique in the two
intense exercise conditions between 59% and 63% leads to the hypothesis of a
marked influence of fatigue on this phase of the jump in young female subelite

soccer players.
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The two training conditions aimed at the onset of fatigue proposed to the young
female subelite soccer players met the inclusion criteria because the measurements
showed FC values greater than 80% FC max.

However, it must be emphasised that official matches determine cardiovascular
stresses greater than these values: and that, consequently, the state of fatigue im-
posed by official competitions could be even greater than that created in this study
(Randell et al., 2021; Choi & Joo, 2022; Lopez-Valenciano et al., 2021).

Even some sport-specific exercises in female soccer achieve far higher exercise
intensities than those recreated in this study (De Dios et al., 2022).

Therefore, the role of fatigue in landing technique requires careful analysis in
young prepubescent female athletes, in light of the knowledge derived from the
literature: in fact, maturation results in some gender differences in both vertical
jump performance and landing skill, where girls are unable to reduce GRF during
landing in high jump trials (Larkin et al., 2023; Holden et al., 2016; Quatman et
al., 2006).

Some studies about fatigue and decision-making indicated that a short bout of
exercise at a high intensity results in a decrement in cognitive processing (e.g.,
longer reaction times): for some Authors, such fatigue may persist for up to 24 - 48
hours, with the decrease in voluntary contraction values persisting over this time
interval (Thomas et al., 2018; de Diego-Moreno et al., 2022; Smith et al., 2016).

These findings are confirmed by other studies that have described a reduction
in knee joint control following soccer-specific fatigue protocol in prepubescent
young soccer players (Garcia-Luna et al., 2020).

Fatigue appears to affect joint control and stability in soccer-specific skills, in-
creasing the risk of non-contact injury (Garcia-Luna et al., 2020).

The other aim of the study was to understand whether different protocols target-
ing the onset of neuromuscular or metabolic fatigue could influence the landing
technique. The short-term functional agility fatigue protocol presented agility and
neuromuscular exercises, while the RSA protocol was structured only with sprints
followed by recovery incomplete recovery. The former aimed to present all types of
stresses that occur in official matches and in sport-specific session training, while
the second aimed to metabolically stress the young female soccer players.

Observing the peak HR values, the HR percentages, and the CR 10 Borg scale,
the two protocols resulted in a very similar effort. Due to this similarity in ob-
served internal load, the two protocols influenced the values and landing tech-
nique in the post-fatigue LESS protocol in a very similar pattern.

The values obtained in post-LESS fatigue were very close to those obtained from
previous studies, even with different samples (Sannicandro et al., 2024; Liveris et
al., 2021; Gokeler et al., 2014; Cortes et al., 2012). Moreover, they are consistent
with what has been observed in GRF during drop jumps performed under fatigued
conditions by young soccer players: the GRF increases significantly under fatigued
conditions due to the reduced ability to attenuate the impact in the landing phase
(Oliver et al., 2008).
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Finally, very recently, a Japanese study group showed that fatigue conditions
even negatively affect landing posture in professional U23 female players (Kamit-
ani et al., 2023).

5. Conclusion

The focus on preventive interventions in women’s soccer must be on youth and
subelite areas (Pletcher et al., 2021; Lima et al., 2019b): if there are criticalities in
professional female soccer players with high functional prerequisites, for those
starting out in this sport the injury risk may probably be higher.

The higher risk in female soccer players is often facilitated by a modest focus
on long-term athletic development at a young age (Sannicandro, 2024).

The results of the study may provide some relevant focus to coaches and strength
and conditioning in the training session schedule: high-intensity exercises should
be introduced progressively; after a high-intensity exercise, it is suggested to
schedule a tactical task or core stability and prevention exercises, so as to allow for
adequate recovery.

Knowing how young female players adapt to high-intensity loads can help coaches
and strength and conditioning coaches plan training sessions more prudently.

The distribution and modulation of high neuromuscular and metabolic inten-
sity exercises in the weekly micro-cycle can help train young female soccer players
with better results and lower injury risk.

Further studies may implement these results by including ground reaction force
with force mats in the analysis of jumping and landing.
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