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M

occer is a multidirectional sport that requires high levels of aerobic capacity, speed, agility, and maximal,
as well as explosive-strength.1 The incidence of injury in
soccer ranges from 2 to 9.4 injuries per 1000 hours of active play.2-4 In particular, the incidence of anterior cruciate
ligament (ACL) injury ranges from 0.06 to 3.7 per 1000
playing hours;5, 6 this is a major concern because of the
negative impact on the career potential of soccer players.7
Injury rate varies according to sex, whereby female soccer
players are four to six times more likely to suffer an ACL
injury than their male counterparts.8, 9
ACL injury risk is multifactorial10 and involves neuro-
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BACKGROUNDː Little is known about the changes in biomechanical risk factors for an anterior cruciate ligament (ACL) injury after participation in a pelvic and core strength training (PCST) program in female team players.
METHODSː This is a randomized controlled trial for which a total of 29 female soccer players were recruited from a soccer club and split into
two groups, namely, experimental group (EG, N.=18; mean [SD] age, 17.8±2.0 years, weight 64.0 [6.6 kg and height 1.7 [0.0] m) and control
group (control, N.=11; mean [SD] age, 16.2 [1.2] years, weight 61.6 [7.3] kg and height 1.7 [0.0] m). The EG participated in an in-season 8-week
PCST program (twice/week). Participants in the CG performed their normal training without additional pelvic and core strengthening. Pre- and
postintervention knee frontal plane projection angle (FPPA), hip, knee and ankle peak flexion angles and jump height were collected during
bilateral and unilateral drop jumps.
RESULTSː PCST significantly reduced FPPA at dynamic landing, in both dominant (-7.1º) and non-dominant lower extremities (-8.01º). Further,
this training significantly increased the peak hip (24.43º) and knee flexion angles (14.94º), but not the peak ankle dorsiflexion angle (P>0.05)
which, significantly decreased in the CG (-3.5º). Following the intervention, EG significantly increased measures obtained for both bilateral
(2.84 cm) and unilateral jumps (1.33 cm for the dominant leg and 1.22 cm for the non-dominant leg) (P<0.05), not so for CG (P>0.05).
CONCLUSIONSː PCST resulted in improvements on ACL injury risk factors and vertical drop jump performance, suggesting that strengthening
this body part warrants not only injury prevention, but increases jumping performance.
(Cite this article as: Ferri-Caruana A, Prades-Insa B, Serra-Añó P. Effects of pelvic and core strength training on biomechanical risk factors for anterior cruciate ligament injuries. J Sports Med Phys Fitness 2020;60:000-000. DOI: 10.23736/S0022-4707.20.10552-8)
Key words: Risk factors; Athletic performance; Women; Soccer.

muscular, anatomic, hormonal and biomechanical factors.
Although many cannot be modified, certain factors, such
as neuromuscular and biomechanical control patterns,
have been shown to be adjustable through training.11-13
Modifiable risk factors of both traumatic and overuse injuries of the knee include:14, 15 decreased hip and knee flexion in landings, strength or motor control asymmetries between non-dominant and dominant leg, lower lumbopelvic
strength stability, dynamic valgus and abduction loads or
knee frontal plane projection angle at landing.
Lower limb biomechanics during activity have been
widely postulated as an important factor in the etiology
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factors for anterior cruciate ligament injuries both in the
dominant and non-dominant leg. We also evaluated the influence of the intervention on jump height performance.
We hypothesized that players performing PCST would
display a reduced knee FPPA during unilateral landing,
and greater hip, knee and ankle peak flexion angles during
bilateral landing. Players performing PCST would further
increase jump height in both bilateral and unilateral drop
jump tests compared to non-PCST players.

Materials and methods
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Study design and participants
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A randomized controlled trial was conducted to assess the
impact of an 8-week core stability and strength program
on ACL risk factors and jump performance in adolescent
female soccer players. Two teams from a female soccer
club were recruited and players were randomly assigned
either to an experimental (EG) or control (CG) group by a
statistician who was not involved in conducting the study.
Specifically, a nonstratified allocation was conducted. He
prepared sealed and opaque envelops without distinguishing marks that were opened and a treatment was then offered to the participant. Both teams had similar practice
and competition schedules throughout the study, yet none
of the players from either team had performed any specific
core strength program before participating in this research.
All of the participants had at least 5-year experience in
competition soccer and competed in similar categories
(Spanish U18 and U17, equivalent to ‘Youth category’).
Players from each team had different soccer coaches, but
performed the same technical and tactical training. In addition, all players performed the same strength and conditioning training and shared the same strength and conditioning coach.
The EG group performed the exercise program twice a
week before the team’s regularly scheduled training practice, while the program was implemented by two experienced members of the research team. Participants were
assessed twice, once at baseline and again at the end of the
8-week training.

O

of knee injuries.16-18. For example, dynamic knee valgus is
the resulting medial collapse of the leg during cutting and
landing tasks, resulting in hip adduction and internal rotation, relative medial deviation of the knee and tibial abduction12, 19 which, in the presence of quadriceps force, increase both ACL strain and patellofemoral joint stress.20, 21
In connection with knee valgus, another modifiable biomechanical alteration is the knee frontal plane projection
angle (FPPA).
Increased knee FPPA during drop vertical jump (DVJ),
for example, is also considered a risk factor and is often
tested in athletes in large-scale screening processes, using two-dimensional (2D) kinematic analysis as a useful
tool, being portable, inexpensive and readily available.22-24
Thus, devising and implementing training programs combined with screening tests that attempt to address these
issues would obviously be looked upon favorably by
strength and conditioning coaches and team management.
According to Hewett et al.,14 the increase in dynamic valgus and abduction loads that predict a risk of ACL injury
in women are often caused by trunk or core dysfunction.
So far, core stability interventions have been combined
with other different approaches (i.e. proprioceptive training, dynamic stabilization and plyometrics with strength
training and leg alignment, stretching, strengthening or
agility drills) in several injury prevention programs.23, 25-27
However, little is known about the mechanism underlying
successful outcomes obtained from the combination of different methods. To our knowledge, there is only one pilot
study28 which implemented a core strength program (in capoeira athletes) aimed to establish if core strength training
would improve landing mechanics and therefore, reduce
ACL injury risk factors in female athletes. Furthermore,
the results of specific core training in athletes in terms of
improving sport performance has been contradictory.23-29
Core stability can be defined as the ability to achieve
and sustain control of the trunk and hip regions at rest
and during precise movements.29, 30 It plays an important
role in the transfer of energy and the connection of movements between the lower and upper extremities.31, 32 Core
stability is accomplished through a complex interaction of
neuromuscular coordination, proprioception, strength and
endurance of the trunk and hip musculature.12, 22
There is a need to further understand the extent to which
pelvic and core strength training (PCST) influences injury
risk factors for non-contact ACL injury in female soccer
players.
The purpose of this study was to evaluate the effects
of pelvic and core strength training on biomechanical risk

Sample size

Sample size calculation was based on a hypothetical medium size effect (based on Cohen’s d) of the intervention
on the main outcome, i.e., knee FPPA, accounting for two
groups and two measurements (pre and postintervention).
A total sample size of 24 individuals was required. This
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16
10

17.5 (6.0)
16.0 (4.0)

63.2 (20.7)
63.2 (26.3)

Height (m)

1.7 (0.1)
1.7 (0.2)

Practice (years)

10.0 (8.0)
10.0 (8.0)

Data are expressed as median (range).
EG: core training group; CG: control group.
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Assessment procedure: DVJ Test
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Participants visited the laboratory for preintervention assessment of DVJ Test performance and height and weight
measurement and the same procedure was repeated eight
weeks later, upon completion of the intervention. In the
latter assessment, participants were scheduled at the same
appointment time to avoid the influence of diurnal variation in test performance.34
To conduct the test, participants were asked to wear
shorts to be marked with white tape in order to determine
the landmarks according to previous study designs.35 The
anatomical landmarks were the following: acromioclavicular joint, anterior superior iliac spine, patella, center of
the ankle, greater trochanter, lateral surface of the thigh,
lateral epicondyle of the femur, lateral surface of the leg,
lateral malleolus and fifth metatarsal head. The same rater
was responsible for placing the markers on each participant
and made sure they neither moved nor became detached

Vol. 59 - No. ??

E

M

R
VA

R

O

O

calculation was conducted using GPower v3 G-Power®
(Institute for Experimental Psychology, University of Düsseldorf, Düsseldorf, Germany).33 Ultimately, we recruited
29 players and performed a randomized allocation with
16 individuals in the EG to account for dropouts. There
were eventually three dropouts in the CG due to injury
and therefore the final number of participants was 26 (i.e.,
16 in the EG and 10 in the CG). All of them had at least
5-year experience in competition soccer and played in
similar categories (Spanish U18 and U17, equivalent to
“Youth category”). Players from each team had different
soccer coaches, but performed the same technical and tactical training. In addition, all players performed the same
strength and conditioning training and shared the same
strength and conditioning coach (Table I).
Exclusion criteria were previous ACL injury, lower extremity surgery within the last year, serious lower extremity injury within the last 6 months (defined as an injury requiring more than 4 weeks away from soccer activity), and
previous or current participation in an ACL injury prevention program. Before testing, institutional review board
approval was obtained and parents’ written informed consent and minors’ assent were obtained.

from the skin during the performance of body movements
(jumping or arm movement).
Before the test started, a standard 5-minute warm-up
was performed on a static bicycle (Khronos Basic II, BH
Bikes S.A., Álava, Spain). The warm-up was controlled
by an evaluator in order to ensure that the stipulated time
and intensity levels were met. Each participant was asked
to perform three to five practice trials of both tasks.36 Once
participants were familiarized with the tasks, they were
asked to perform three test trials for each task; the sequence
of bilateral or unilateral (dominant and non-dominant leg)
DVJ task was randomized for each participant. Dominant
leg was defined as the leg with which they could kick a
ball furthest (22). All players were right-leg dominant.
The players were instructed to put hands on hips (barefoot and without covering the marks) and to drop directly
down off the bench on to a mark 40 cm from the bench,
landing on both feet (bilateral jumping) or on one foot
(unilateral jumps), and immediately perform a maximum
vertical jump.37 A 30-second rest was allowed between
repetitions and 1-minute rest between different tasks.
Jumps were not considered for the study if participants
jumped rather than dropping down from the box, if they
moved their arms or if they clearly lost balance during the
test. Further, the unilateral test was not deemed valid when
the non-supporting leg touched the ground. These criteria were visually judged by the examiner.38 When invalid
jumps were performed, the participants were allowed to
rest for 1 minute and then repeat the attempt. The first 3
valid jumps for each type (i.e., with two legs, right leg and
left leg) were selected and included for further analysis.
DVJ reliability in the analysis of biomechanical variables in young athletes is excellent for the sagittal plane
(ICC between sessions >0.8) and for the frontal plane
(ICC between sessions >0.75).39
Kinematic analysis was performed via a two-dimensional (2D) FPPA of knee alignment measured during the
bilateral and unilateral DVJ tasks. The reliability, measurement error, and validity of this 2D analysis has been
previously established in comparison with 3D.36 For the
recording of the test, two digital cameras (Samsung ST66,
Samsung, South Korea) were placed, one in the sagittal
plane and the other in the frontal plane, on a tripod at a
height of 101.6 cm and at a distance of 3.65 meters from
the jump box (30 cm high). Left limb jumps were recorded
with the participants’ left side of the body facing the camera, right limb jumps were recorded with the participants’
right side of the body facing the camera.
Variables obtained for the bilateral DVJ were: i. Peak

A

Weight (kg)

IC

Age (years)

D

EG
CG

N.

F

Table I.—Anthropometric and experience profile of the players.
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ter with the lateral femoral epicondyle.40 The knee flexion
angle was the angle between the line formed by the greater
trochanter and the lateral femoral epicondyle, and a second line connecting the lateral femoral epicondyle and
the lateral malleolus.40 The ankle dorsiflexion angle was
the angle between the line formed by the lateral femoral
epicondyle and the lateral malleolus, and a second line
connecting the lateral malleolus and fifth metatarsal head.
Smaller hip flexion, knee flexion and ankle dorsiflexion
angles represent respectively more hip flexion, knee flexion and ankle dorsiflexion.
An electronic timing mat (DIN-A2 Chronojump-Boscosystem, Spain) was placed immediately in front of the
jump box to measure flight time as the time between takeoff and ground contact. The chip Chronopic was synchronized with the timing mat during both bilateral and unilateral jumps. Jump height was calculated using the following equation.41, 42
Jump height = (g × flight time2) 8-1

D

Over the 8-week training period, a total of 16 sessions,
each lasting 30 minutes, of pelvic and core strength training were conducted. Exercises were explained by one of
the researchers and, for a greater control of the intervention, two trained researchers helped to monitor the proper
execution of the exercises (some of them reported in Figure 2, 3, 4). There were 4 strength exercises (1 to 4 from
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hip and knee flexion, peak ankle dorsiflexion at landing,
and total jumping height. For the unilateral DVJ: knee
frontal plane projection angle (FPPA) and jumping height
(JH) for each leg.
Kinovea sports video and image analysis software
(GPLv2 license) was used to analyze jumps and to obtain the variables. Knee FPPA was calculated by measuring the angle formed by lines drawn between the thigh
and hip markers and between the ankle and knee markers
(Figure 1).
As described by Willson and Davis,22 from a frontal
view, when the knee marker was medial to a line from the
ankle marker to the thigh marker, the FPPA was negative.
The FPPA was positive if the knee marker was lateral to a
line drawn from ankle marker to the thigh marker. Negative knee FPPA values reflected knee valgus, excursion of
the knee toward the midline of the body, while positive
knee FPPA values reflected varus knee.
The knee FPPA was calculated for each limb at maximum landing knee flexion angle.
The hip flexion angle was the angle between the line
formed by the acromioclavicular joint and the greater trochanter, and a second line connecting the greater trochan-

Pelvic and core strength training

E

Figure 1.—Knee frontal plane projection angle.
-12º knee frontal plane projection angle (FPPA) is formed by lines
drawn between the thigh and hip markers and between the ankle and
knee markers.

M

O

In this equation, g denotes the acceleration of gravity
(9.81 m/s2).

4

Figure 2.—Swiss ball reverse crunch.
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Statistical analysis

M

All data are presented as mean and standard deviation
(SD). Assumptions of statistical tests such as normal distribution and homoscedasticity of data were checked, using Shapiro-Wilk test and Levene’s test, respectively. Variables for peak hip and knee flexion, peak ankle dorsiflexion and bilateral jump height were analyzed using mixed
MANOVA with the between-subject factor group (CG and
EG) and the within-subject factor time (pre, post), while
FPPA and unilateral jump height were analyzed using another mixed MANOVA with the between-subject factor
group (CG and CRG) and two within-subject factors, time
(pre, post) and leg dominance (right and left). Significant
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Figure 3.—Bridge with heel digging into Swiss ball.

Table II) and 4 stability exercises (5 to 8 from Table II),
addressing hip and core muscles, so a set of 8 exercises
was performed as a circuit (Table II).
To establish training time and repetitions, we followed
the model provided in other similar studies.43, 44 Due to
the difficulty in individualizing exercise intensity in core
strength exercises, participants using resistance bands
were instructed to do as many repetitions as needed in
each set until exertion rated as “very hard” was perceived.
The intensity was controlled by the modified 0-10 Borg
Scale,45 maintaining an intensity between 7 and 8 for each
set of exercises. Players who did not experience fatigue
after the established training time for isometric contractions were required to add additional weight to ensure
fatigue at the end of the exercise. The familiarization session was used to adjust exercise intensity for all players.
Subjects’ adherence rates were recorded throughout the
study period.
Over this 8-week period, CG participants performed 16
sessions of their usual warm-up exercises consisting on active joint mobility, running, dynamic stretching and ball
exercises lasting 30 minutes in all.

IN

Figure 4.—Lateral walk with resistance band.

Exercise

M

Table II.—Structure of the 8-week core stability and strength training program.

1) Single-leg standing side trunk flexion with dumbbell (5 and 7.5 kg)
2) Swiss ball Reverse crunch (Figure 1)
3) Lateral walk with resistance band (Figure 1)
4) Bridge with heels digging into Swiss ball (Figure 1)
5) Single-leg standing maintaining core stability with hip abduction (resistance band)
6) Lying supine contralateral core stability
7) Single-leg standing maintaining core stability with leg adduction (resistance band)
8) Single-leg standing maintaining core stability with leg kick (resistance band)

Weeks 1-4

Weeks 4-8

Sets

Repetitions

Sets

Repetitions

2
2
2
2
2
2
2
2

15 right +15 left
20 (bilateral)
10 right + 10 left
20 (bilateral)
10 right + 10 left
20 reps alternated
10 right + 10 left
10 right + 10 left

2
2
2
2
2
2
2
2

20 right + 20 left
30 (bilateral)
15 right +15 left
30 (bilateral)
15 right +15 left
30 reps alternated
15 right +15 left
15 right +15 left

Reps: repetitions.
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Preintervention

Postintervention

d

13.04 (5.54)
12.69 (5.81)

12.35 (8.76)
5.59 (7.22)*

0.69

10.41 (9.10)
7.43 (7.11)

8.42 (8.60)
-0.58 (8.52)*

0.96

M

Dominant
CG
EG
Non-dominant
CG
EG

IN

Table III.—Effect of the pelvis and core intervention on frontal
plane projection angle for dominant and non-dominant legs during landing after unilateral jumps.
FPPA (º)

Data are shown as mean (SD).
CG: control group, composed of 10 people; EG: pelvic and core training group,
composed of 16 people.
*Significant differences between postintervention and preintervention
measurements (P<0.05).

6

79.2 (19.99)
65.13 (24.98)

83.2 (19.44)
89.56 (15.15)* 1.27

81.9 (11.93)
74.75 (13.75)

81.4 (9.09)
89.69 (10.64)* 1.27

86.1 (6.64)
88.63 (4.44)

82.6 (5.06)*
87.31 (4.41)

0.59
-

A

Preintervention

Unilateral JH (cm)
Dominant
CG
EG
Non-dominant
CG
EG
Bilateral JH (cm)
CG
EG

Postintervention

d

11.44 (2.17)

12.29 (1.4)

10.42 (2.52)
11.83 (2.43)

11.75 (2.12)*
11.02 (1.92)

0.57
-

10.83 (2.84)

12.04 (2.44)*

0.46

20.54 (3.16)
19.33 (4.73)

21.30 (3.29)
22.17 (3.42)*

0.69

E

-

Data are shown as mean (SD).
CG: control group, composed of 10 people; EG: pelvic and core training group,
composed of 16 people; JH: jump height.
*Significant differences between postintervention and preintervention
measurements (P<0.05).
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The interaction between the three factors included in the
study showed a tendency to significance F(2, 23) =3.27,
P=0.056, η2=0.22. The mean effect of time and dominance
were significant, F(2, 23) =12.28, P<0.05, η2=0.52 and
F(2, 23) =5.94, P<0.05, η2=0.34, respectively. The mean
effect of group was not significant (P>0.05).
In the post-hoc comparisons, Table III reveals that people in the EG showed a significant decrease on the FPPA
at landing after PCST, both in their dominant and nondominant leg, as shown in Table III. By contrast, the par-

d

Table V.—Effect of the core intervention on the height of the unilateral and bilateral drop vertical jumps.

M

O

Effect of the pelvic and core strength intervention

Postintervention

Data are shown as mean (SD).
CG: control group, composed of 10 people; EG: core training group, composed of
16 people. *Significant differences between postintervention and preintervention
measurements (P<0.05).

O

There was a significant age difference between groups, the
EG being older than the CG (Mean difference =1.65 years).
However, both groups were in the same category (Spanish
U18 and U17, equivalent to “Youth category”). The height
and weight and years of practice were not significantly different between groups (P>0.05) and there were no differences at baseline in FPPA (dominant and non-dominant),
peak hip and knee flexion, peak ankle dorsiflexion and
jump height (P>0.05). None of the 26 participants missed
more than one session as required to be included in the
analyses. All of them were right-leg dominant.

Preintervention

IC

Participants

Peak hip flexion angle (º)
CG
EG
Peak knee flexion angle (º)
CG
EG
Peak ankle dorsiflexion angle (º)
CG
EG

D

Results

Table IV.—Effect of the pelvic and core intervention on peak hip
flexion, knee flexion and ankle dorsiflexion angles at landing after bilateral jumps.

F

interactions were followed up with Bonferroni tests. Significance was set at P=0.05. The effect sizes for pairwise
comparisons were calculated with Cohen’s d. Differences
between groups in age, height and weight were checked
with the Mann-Whitney U Test (as the normality of the
data was not assumed). All data analysis was conducted
using SPSS version 23 (SPSS Inc., Chicago, IL, USA).

ticipants not enrolled in this intervention failed to improve
their FPPA (P>0.05).
EG also improved range of motion (ROM)-related variables, namely peak hip and knee flexion angles, not however the peak ankle dorsiflexion angle (P>0.05), which
dropped in the CG (Table IV).
Jump height also improved significantly following the
PCST, both when performed with the dominant and nondominant leg, and bilaterally (Table V).

Discussion
This is a randomized controlled trial that studied the effect
of PCST on biomechanical risk factors for ACL injury in
female soccer teams. Our results demonstrated a decreased
FPPA during unilateral vertical drop jumps (for both legs)
and an increased peak hip and knee flexion during bilateral
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Limitations of the study

One limitation of the study was the absence of measures
such as reaction forces and muscle activation during tests.
Their analysis may provide further insight into the current
benefits of core strength training and should be explored
in future studies.
Furthermore, it would be interesting to study which
specific core training, either muscle stability or muscle
strength, reduces ACL risk factors to a greater extent and
more greatly affects performance factors. Participants in
our study were not accustomed to performing core stability and strength exercises, which might represent a larger
stimulus compared to people familiarized with this type
of exercise; accordingly, it might be useful to explore the
results of a core intervention in trained individuals.
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This could be due to the fact that the intervention was focused on strengthening and not on the extensibility of certain muscle groups that allow this movement, such as the
plantar-flexor muscles.49 As our main goal was to establish
the benefits of core strengthening, we designed a specific
intervention with no further approaches that might conceal
the effects. However, combined strategies adding muscle
stretching or strengthening of the distal muscles could
improve the benefits obtained with the proposed core intervention. Notwithstanding, these results should be taken
with caution, since the CG was ultimately composed of
10 people instead of 13 as required, therefore, the small
sample size could cause a type 2 error.
Lastly, the EG significantly improved jump height in
bilateral jumps (2.84 cm) and in unilateral jumps, with differences of 1.33 cm for the dominant leg and of 1.21 cm
for the non-dominant leg. This finding is in line with that
reported by Afyon et al.,43 Taskin et al.44 and Hoshikawa
et al.50 that affirm that the combination of core stability/
strength training and regular soccer training improves vertical jumping.
A strong and stable core allows to generate and transmit
power to the entire kinetic chain. Many muscles originate
in the spine and pelvis, therefore, their strengthening provides a good base to perform more powerful, efficient and
stable movements and therefore improve performance.51

O

vertical drop jumps as a result of the PCST. However, ankle dorsiflexion remained similar for the EG but dropped
significantly in the CG. Moreover, PCST improved bilateral jumping height and unilateral jumping for dominant
and non-dominant legs.
Consistent with the results of a core stability training
program in high school female athletes,44 this study reported that by strengthening this part of the body, FPPA was
reduced during DVJ. We obtained a reduction of the FPPA
in both the dominant leg (mean difference of 6.2º) and in
the non-dominant leg (mean difference of 8.1º). These
reductions were greater than those reported by Brown et
al.46 on knee valgus angles after applying different neuromuscular-based ACL injury prevention protocols, possibly
due to two reasons. First, because they failed to implement
a specific gluteus medius strength exercise as we did using exercises such as “Lateral walk with resistance band.”
Gluteus medius exercises have been shown to reduce knee
valgus during dynamic activities and therefore, during
landing. The second reason is related to the proper control
of the core intervention training since, according to their
study limitations, these may have stemmed from a lack of
expertise of the assistant training staff.
With respect to flexion, our core intervention group
achieved a significant increase in peak hip (24.4º) and
knee (14.9º) flexion, which has been related with lowered
risk factors for ACL injury.47 These results are very similar
to those from other studies applying other injury prevention programs.26, 46 However, our results differ from the
study carried out by Pfile et al.48 who found a decreased
knee flexion angle and a decreased hip flexion moment after the core stability training. This discrepancy between
results might be due, in addition to their small sample size
(N.=8), to the fact that the exercises were conducted mostly in a frontal and transverse plane, unlike ours that also
included exercises in a sagittal plane, and to the fact that
it was monitored by coaching staff rather than a qualified
clinician. Furthermore, in our study, training was handled
by two experienced team professionals: a physiotherapist
and a strength and conditioning coach.
The results for peak ankle dorsiflexion, however, failed
to confirm our hypothesis, since dorsiflexion did not improve after PCST (P>0.05). On the other hand, the CG
showed a reduction in peak ankle dorsiflexion (-3.5º).
Greater dorsiflexion is associated with reduced ACL injury risk because of the reduced forces to be absorbed by
the lower extremity at landing.13 Our study disclosed benefits for the knee and hip joints, increasing their contribution peak flexion, not however for ankle dorsiflexion.

Conclusions
The results of this study show that the implementation
of an in-season, 8-week PCST program for female soccer players leads to improvements related to ACL injury
risk factors, such as peak hip and knee flexion angles and
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