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Research Paper:
The Effect of Sportsmetrics on the Performance and 
Knee Valgus During Landing of Female Soccer Players 

Purpose: Dynamic knee valgus and poor technique during landing are not only key risk factors 
for lower extremity injuries especially knee injury, but also can reduce the performance of 
athletes in the field. Sportsmetrics soccer training is one of the successful knee injury prevention 
and enhancement performance protocols for female soccer players. Because the effect of 
sportsmetrics soccer training has not been investigated on the performance and knee valgus 
during landing in female soccer players, we aimed to investigate this subject.

Methods: The current field-trial study was conducted on 24 female soccer players with dynamic 
knee valgus that were randomly divided into two groups: the training group (TG) and the control 
group (CG). The assessment tests were the agility t-test, 40-yard test, vertical jump test, double 
leg squat test, and valgus landing error scoring system test (LESS). The TG group participated 
in sportsmetrics soccer training regularly for 6 weeks, three 90-min sessions a week. Analysis of 
covariance was used to analyze the obtained data (P<0.05).

Results: Six weeks of sportsmetrics soccer training in the TG group not only reduced dynamic 
knee valgus during landing (51% reduction, F=171.8, P=0.01) but also improved performance 
factors significantly: agility (0.50 s reduction, F=23.29, P=0.01), power (2.50 cm increase, 
F=13.20, P=0.01) and speed (0.30 s reduction, F=23.66, P=0.01).

Conclusion: Sportsmetrics soccer training is strongly suggested for soccer players exposed to 
knee injuries due to dynamic knee valgus during landing.
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1. Introduction

occer is a dynamic sport with high speed 
and intensity loading; therefore, having 
physical fitness is crucial to produce enough 
strength, speed, power, agility, balance, and 
endurance during exercise and competition 

[1]. In soccer, the factors such as acceleration, maximum 
speed, and agility can affect the outcome of the game 
[1]. Movements such as shooting, passing, kicking, drib-
bling, heading, jumping, short running, accelerating and 
decelerating, stopping, and pivoting require a high level 
of muscular functions which can increase the risk of in-
jury [1, 2]. In other words, poor physical fitness increases 
the risk of injury and decreases success in performance 
in the field [2]. Most injuries of soccer players occur in 
the lower extremities in the knee and ankle joints [2]. 
The incidence of injury in soccer is 6.8 injuries per 1000 
h of exposure, and the most commonly damaged struc-
tures are muscles and tendons [3]. In soccer players, the 
anterior cruciate ligament (ACL) injury is more common 
in women than men and often occurs during jumping, 
running, landing, cutting, acceleration, and deceleration 

[4]. In female soccer players, the most common sites of 
injury is knee joint, especially ACL injury which is about 
8 times higher than men soccer players [4]. ACL rupture 
is the most important soccer injury [5]. In female ath-
letes, dynamic knee valgus (DKV) is the main risk factor 
for ACL injury and occur during different tasks such as 
landing and cutting. The risk factors of DKV consist of 
hip internal rotation, tibia internal or external rotation, 
weakness of hip muscles, excessive Q angle, and poor 
body posture control [6]. DKV can increase shearing 
load to the ACL during the landing after jumping and 
therefore non-contact ACL injury [7]. Analyzing jump 
landing videos can illustrate and predict ACL injury. 
Also, there is a strong correlation between DKV neu-
romuscular defects and ACL injury and therefore in this 
study, the landing error scoring system (LESS) was used 
to assess DKV [8, 9]. 

Performance is the ability of an athlete to perform spe-
cific tasks and activities [10]. Enhancing performance 
is very important for all players and coaches, because 
it may lead to success in competitions [11]. The most 
important physical fitness factors in soccer performance 

S

Highlights 

● The Sportsmetrics soccer training can be effective in improving performance (agility, power, and speed) in female 
soccer players with dynamic knee valgus during landing.

● Because of the correction of dynamic knee valgus during landing after 6 weeks of Sportsmetrics soccer training, 
this protocol in female soccer players can be effective in preventing lower extremity injuries, especially knee injuries.

● The Sportsmetrics soccer training is strictly recommended to soccer players with dynamic knee valgus during land-
ing and their coaches to increase performance and prevent injury.

Plain Language Summary 

Soccer, the most popular sport in the world, is a contact sport with highly intense physical demands. Based on the 
epidemiological study in sports injury, the incidence of injuries in soccer is higher than in other sports (6.8 injuries per 
1000 h of exposure) and the lower extremity (knee and thigh) is the most common site of injuries. The most important 
injury in female soccer players is anterior cruciate ligament rupture. In addition to high costs and losing competitions 
and training activity, it has irreparable consequences such as osteoarthritis in the long term. Accordingly, today most 
coaches use successful specialized injury prevention training like FIFA F11+ and sportsmetrics. However, there is no 
consensus on the effect of these exercises on sports performance. The main reason is that they do not separate athletes 
with key risk factors like neuromuscular defects (dynamic knee valgus) from athletes without no key risk factors. 
Consequently, in this study, we used sportsmetrics because it is special for knee injury prevention in female soccer 
players and helps them to be successful in improving performance. In this study, we selected soccer players exposed 
to knee injuries (having key risk factors such as dynamic knee valgus during landing). The research findings showed 
that sportsmetrics not only improves performance significantly but also is successful in modifying anterior cruciate 
ligament injury risk factors (51% reduction in dynamic knee valgus during landing). Therefore, this protocol is recom-
mended for female athletes with dynamic knee valgus during landing.
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include jumping (power), speed running (speed), cardio-
respiratory endurance, and change of direction (agility) 
[11]. During important competitions, speed (45%) and 
power (vertical jump 16%) are two necessary factors for 
professional players [11]. For example, jumping to head 
the ball in attacking and defending situations need power 
[12]. The vertical jump height test is the most reported 
test for evaluating power in athletes [13]. Another pre-
dictor of success is speed [14]. One of the most common 
tests for evaluating soccer players’ ability is the 40-yard 
speed test and used to determine players’ potential in na-
tional soccer teams [15, 16]. Also, professional soccer 
players have better scores on this test than amateurs [17]. 
Acceleration, deceleration, and change of direction and 
speed are very common in soccer, and most goal situa-
tions require a sudden change in speed and direction. So 
another factor of success in soccer is agility [18]. Agility 
is the ability to stable body position in good condition at 
high speed by changing directions suddenly and quickly 
without loss of balance and is composed of coordina-
tion, balance, strength, and speed [19]. Agility is one of 
the most important functional factors in soccer [18, 19]. 
Agile athletes have more endurance and balance during 
quick movements, and this ability can reduce the risk of 
injury or re-injury [19].

Unfortunately, players tend to participate in exercises 
that lead to enhanced performance and increase the 
chance of success, and often they refuse to participate 
in injury prevention training due to no impact on per-
formance. Few studies have investigated the effect of 
injury prevention training on the modification of neuro-
muscular defects (such as DKV) and performance. Also, 
most players do not tend to participate in injury preven-
tion programs despite the success in reducing injuries, 
because of a lack of effect on improving performance 
[5]. However, a few comprehensive neuromuscular in-
jury prevention programs have been proven successful 
in improving performance and preventing injury [20]. 
The most common ACL injury prevention programs 
in female soccer players include sportsmetrics, prevent 
injury enhance performance (PEP), Frappier accelera-
tion training program, knee ligament injury prevention 
(KLIP), FIFA11+, SODERMAN, Harmoknee preven-
tive training (HPT), and WALDEN. Of these programs, 
PEP, HPT, and WALDEN have had significant effects 
on ACL injury prevention, but FIFA11+, KLIP, and SO-
DERMAN have not [20]. Also, the effect of some train-
ing programs on increasing speed, strength, endurance, 
power, and agility was significant [11]. Sportsmetrics 
soccer training (SMST) includes agility, strength (resis-
tance), endurance, speed, plyometric and balance exer-
cises. SMST has been designed specifically for female 

soccer players to prevent ACL injury and increase per-
formance [21]. SMST was used in different exercises 
such as fast and resistance training to increase the initial 
acceleration and speed, strength and plyometric exer-
cises to increase power, plyometric and jump training 
to correct neuromuscular defects, and agility exercises 
to increase agility and reaction time [21, 22]. Generally, 
SMST can prevent ACL injury and increase the perfor-
mance of soccer players, which indicates that SMST is a 
comprehensive protocol [22]. It seems that the effects of 
SMST on performance and neuromuscular defect modi-
fication such as DKV have not been investigated. So, we 
aimed to study this topic.

2. Materials and Methods

Research design

The current field-trial study includes one control group 
(CG) and one training group (TG) with a pre-test and 
post-test. Among 86 volunteer female soccer players 
with DKV, based on the inclusion criteria, a pilot study, 
and the sample size formula, 12 athletes were selected 
for each group by systematic random sampling. The TG 
participated in SMST and the CG participated in their 
usual exercises with the same duration as the TG. 

Study participants

After describing the objectives and process of the re-
search and providing the consent form, the research sub-
jects were selected from volunteer female soccer players 
aged 18-25 years based on inclusion criteria. The criteria 
were as follows: no serious lower extremity injuries over 
the last year, no history of a serious knee injury, defects, 
or knee ligament surgery, having at least three years of 
continuous participation in soccer club teams, and no 
history of participation in injury prevention protocols. 
Based on the results of the double leg squat (DLS) test 
(ICC=0.76) [23], 24 players with DKV were selected 
by systematic random sampling. Then, the subjects 
were randomly divided into TG (n=12) and CG (n=12) 
groups. Also, the subjects were asked to attend train-
ing sessions regularly with maximum effort. Since the 
present study was conducted during the COVID-19 pan-
demic, observing health protocols (using masks and ob-
serving legal distance) during exercises was necessary. 
Also, all athletes had at least two shots of the COVID-19 
vaccination before the start of training and the situation 
of the city was also blue during the study. The subjects 
were excluded from the study in case of absence of more 
than two sessions in training, athletes unwilling to con-
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tinue training, coronavirus infection, or non-compliance 
with health protocols.

Research procedure

In the pre-test session, the athletes’ demographic and an-
thropometric characteristics were collected and measured, 
and after specialized warm-up, agility t-test (ICC=0.98) 
[19], 40-yd speed test (ICCs=0.98) [16], vertical jump 
power test (very high reliability) [11], and also LESS test 
(ICC=0.92) [24] were performed to assess knee valgus 
angle. Then, the TG participated in SMST for 18 sessions, 
while the CG participated in their routine exercises for the 
same period. Exercises were performed for 6 weeks, 3 ses-
sions per week for approximately 90 minutes per session. 
The protocol included specialized warm-up (Table 1), bal-
ance, agility, endurance, speed, and plyometric training (Ta-
ble 2), strength training (Table 3), and cool-down (Table 1) 
[20]. After 18 sessions of training, TG and CG participated 
in the post-test and all assessments were performed again in 
the same conditions as the pre-test. 

Double leg squat test (DLS)

DLS test was used for diagnosing DKV (ICC=0.76 
reliability) [23]. To perform the test, subjects raise their 
arms above their head and open the legs to hip-width 

apart and the knees and toes pointing straight ahead. 
Then, they squat down as if sitting in a chair on comfort-
able knee flexion. The DLS was scored by a single ob-
server in real-time. Each subject repeated five times the 
DLS test in a row. To diagnose DKV, knee conditioning 
was evaluated and observed in frontal view. If the knee 
has internal displacement higher than the standard level 
so that, knee alignment crossed over the internal part of 
the thumb, the subject has DKV (Figure 1). 

Landing error scoring system test (LESS)

LESS is one of the valid clinical tests for diagnosing 
neuromuscular defects in the trunk and lower extrem-
ity during jump landing task, which has intragroup reli-
ability of 0.82 (out of 0.99) and intergroup reliability of 
0.83 (out of 0.92) [24]. To prepare for the present test, 
a box with a height of 30 cm was placed in one part of 
the field. Then, a line equal to half of the participant’s 
height was drawn ahead of the box and finally, two cam-
eras were used for two-dimensional analysis of motion 
in anterior and lateral directions with a height of 120 cm 
from the ground and a distance of 3 m from the box. To 
perform the test, the subject went on the box and opened 
her legs the size of the hip-width apart. first, she did a 
forward jump on the target line and after the forward 
jump immediately did a vertical jump at the same site. 
The subjects were not given any feedback to prevent 
bias and move in a controlled way (Figure 2). There is 
an 88% correlation between DKV and ACL injury and 
having DKV during performing the LESS test. The test 
can predict the risk of ACL injury to around 67% with 
a sensitivity of 78%. In the present study, this test was 
used to evaluate the risk of ACL injury because study 
subjects had DKV [25, 26]. 

Vertical jump test (power)

The vertical jump test was used to assess power. The 
subject stood next to the graded wall and placed her hand 

Figure 2. Landing error scoring system test
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on the wall, the subject’s middle finger was placed on 
the point of the meter and was recorded. Then she did 
a vertical jump as high as possible and hit her hand on 
the meter and this point was recorded. Finally, the dif-
ference between the two points was calculated as the 
vertical jump height. Based on the previous studies, the 
present test has a very high reliability of the re-test [11] 
(Figure 3).

40-yard test (speed)

In this study, a 40-yard speed test was used to mea-
sure the speed of subjects. The test has high reliability 
(ICC=0.97). Two cones were placed at a distance of 40 
yards (37.58 m) from each other on the field and the start 
and the finish line were determined. The subjects were 
given verbal feedback to run at their maximum speed to 
pass the end cones and not slow down their speed near 
the finish line. Two examiners were used to perform the 
test, one was placed at the start line and the other one was 
at the finish line. Each subject performed the present test 
twice and the speed was taken using a chronometer and 
the best record was recorded as the subject’s record [16].

Agility t-test 

Agility t-test was used in the present study to measure 
agility that has very high reliability and intragroup reli-
ability of 0.98 [19]. To perform the test, a scale of 10 
by 10 m using 4 cones was used that was placed in the 
form of T. The subject was placed at the starting point 
and started running fast to the middle, right, and left and 
came back to the middle cons respectively and finally 
came back to the starting point. Time was recorded in 
seconds using the chronometer (Figure 4).

Sportsmetrics soccer training (SMST)

SMST was designed for female soccer players, to pre-
vent injury and enhance performance. These exercises 
include specialized warm-up, strength, speed, agility, 
balance, plyometric and specialized cool-down exer-
cises. The training was regularly divided separately for 
each week and three 90-min sessions of training each 
week. At the beginning of the training session, 10 types 
of warm-up exercises were performed (Table 1) that took 
about 10 minutes, then 7 types of SMST (Table 2) and 10 
types of strength exercises (in the first and second weeks 
for 30 s, in the third and fourth weeks for 45 s and in 
the fifth and sixth weeks for 60 s) (Figure 5). Finally, 10 
types of stretching exercises (Table 1) that took about 10 
minutes were performed [21].

Agility and reaction training

To increase the speed of reaction and agility, two differ-
ent types of exercises were used each week, which were 
repeated in each session. So, the subject was asked to per-
form the following exercises: serpentine running, three 
repetitions (reps) and wheel drill, two reps in the first 
week of training; modified shuttle, three reps and sprint-
stop feet listen, two reps in the second week of training; 
square drill, two reps and running and joking by coach 
command, two reps in the third week of training; Ne-
braska agility, four reps and a reactive running by coach 
command, two reps in the fourh week of training; Illinois 
agility, four reps, and reaction mirror drill with training 
companion, two reps in the fifth week of training; and 
finally T drill, four reps and advanced wheel drill, two 
reps in the sixth week of training [21] (Table 2). 

Figure 4. t-testFigure 3. Vertical jump test
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Acceleration, endurance, and speed training

To improve the speed and initial acceleration, each week 
three different types of exercises that were repeated in each 
session were used in acceleration, endurance, and speed 
training groups. So, the subject was asked to perform these 
exercises as follows: partner push-offs hold 5 s with five reps, 
sprint-backpedal, five reps, and 1170 m Jog in the first week 
of training; acceleration with band 10-yd, sprint with ground 
touches, five reps, and a 100-yd shuttle, four reps in the sec-
ond week of training; partner push-off hold 10 s, five reps, 
eagle into sprint six reps, and 50-yd shuttle, four reps in the 
third week of training; acceleration with band 20-yd, box drill 
three reps, and 50-yd shuttle, four reps in the fourth week of 
training; partner push-offs hold 15 s five reps, sprint-180º-
backpedal, seven reps, and Jingle Jangle 10-yd, five reps in 
the fitth week of training; and acceleration with band 30-yd, 
sprint-360º-sprint, seven reps, and Jingle Jangle 20-yd, five 
reps in the final week of training [21] (Table 2).

Plyometric training

To improve power and jump, two different types of 
exercises which were repeated in each session were 
used each week by the plyometric TG. So, the subject 
was asked to perform these exercises as follows: ladder 
up-up and back-back, two reps and dot drill double-leg 
jump, 3×5 reps in the first week of training; ladder toe 
touches, two reps and dot drill add split leg jumps, 3×5 
reps in the second week of training; ladder outside foot, 
two reps and dot drill add 180º split leg jump, 3×5 reps 
in the third week of training; ladder in-in_out-out, two 
reps and dot drill add single-leg hops, 3×5 reps in the 4th 
week of training; ladder up-up and back-back, two reps 
and dot drill combo all jumps, 3×5 reps in the fifth week 

of training; and ladder one foot forward, one foot back-
ward, two reps and dot drill combo all jumps, 3×5 reps 
in the final week of training [21] (Table 2).

Statistical analyses

The obtained data were analyzed in SPSS software, ver-
sion 25. The normality of data distribution was checked 
by the Shapiro-Wilk test. The equality of intergroup vari-
ances was checked by Levene’s test. Finally, the analysis 
of covariance (ANCOVA) was performed to investigate 
intergroup changes. This test can neutralize the effect of 
the group and only investigate the effect of time. In this 
study, the significance level was set at 0.05.

3. Results

The subjects of the research included 24 female soc-
cer players which were semi-professional with at 
least three years of regular participation in soccer club 
teams. They were randomly divided into TG and CG. 
Subjects’ demographic characteristics are presented in 
Table 3. The results of covariance analysis, taking into 
account the pre-test values as the control, showed sig-
nificant differences between the TG and CG regarding 
the research variables. Applying 6 weeks of SMST, sig-
nificantly (P=0.01) improved agility, power, speed, and 
DKV in the TG. The speed record in the TG decreased 
by about 0.30 s (from 7.36±0.45 to 7.07±0.44, Eta=0.54, 
F=23.66), the agility record decreased by about 0.50 s 
(from 11.55±0.89 to 11.09±0.83, Eta=0.53, F=23.29), the 
power record increased about 2.50 cm (from 28.01±4.68 
to 30.583±4.36, Eta=0.40, F=13.20), and also the DKV 
decreased about 13º (from 25.30±4.74 to 12.45±2.62, 
Eta=0.90, F=171.8) (Table 4).

Table 1. Warm-up and cool-down exercises

Dynamic Warm-up Cool-down (Stretching)

Toe walk Hamstring 

Heel walk Iliotibial band 

Straight leg march Quadriceps 

Leg cradle Hip flexor 

Hip rotator walk Gastrocnemius 

High knee skip Soleus 

High knees Deltoid 

Glut kicks Triceps, latissimus Doris 

Stride out Pectoralis, biceps 

All-out sprint Low back 
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Table 2. Sportsmetrics soccer training

Component Session Exercise Duration

Ladder, quick feet, additional jumps 
(power exercise)

1-3 Ladder: up-up and back-back 2 reps

1-3 Dot drill: double-leg jumps 5 reps×3

4-6 Ladder: toe touches 2 reps

4-6 Dot drill: add split leg jumps 5 reps×3

7-9 Ladder: outside foot in 2 reps

7-9 Dot drill: add 180º split leg jump 5 reps×3

10-12 Ladder: in-in, out-out 2 reps

10-12 Dot drill: add single-leg hopes 5 reps×3

13-15 Ladder: up-up and back-back 2 reps

13-15 Dot drill: combo all jumps 5 reps×3

16-18 Ladder: 1 foot forward, 1 foot backward 2 reps

16-18 Dot drill: combo all jumps 5 reps×3

Agility and reaction 
(agility exercise)

1-3 Serpentine run 3 reps

1-3 Wheel drill: listen to the instructor 30 s, 2 reps

4-6 Modified shuttle 3 reps

4-6 Sprint-stop feet-listen 45 s, 2 reps

7-9 Square drill 2 reps

7-9 Sprint-quick feet-listen 45 s, 2 reps

10-12 Nebraska drill 4 reps

10-12 Reaction drill-watch instructor point 45 s, 2 reps

13-15 Illinois drill 4 reps

13-15 Reaction mirror drill, pressing 60 s, 2 reps

16-18 T-drill: 5-10-5 4 reps

16-18 Advanced wheel drill: listen to the instructor 60 s, 2 reps

Acceleration, speed, endurance
(speed exercise)

1-3 Partner push-offs, hold 5s 5 reps

1-3 Sprint-backpedal 50-yd 5s

1-3 Jog 1170m

4-6 Acceleration with bond 10-yd

4-6 Sprint with ground touches-backpedal 50-yd

4-6 100-yd shuttle 4 reps

7-9 Partner push-offs, 10-s hold 5 reps

7-9 Eagle into the sprint, jog back 50-yd, 6 reps

7-9 50-yd shuttle 4 reps

10-12 Acceleration with bond 20-yd

10-12 Box drill, sprint-90º-backpedal 3 reps

10-12 50-yd cone drill 4 reps

13-15 Partner push-offs, hold 15 s 5 reps

13-15 Sprint-180º-backpedal 50-yd, 7reps

13-15 Jingle jangle, 20-yd 5 reps

16-18 Acceleration with band 30-yd

16-18 Sprint-360º-sprint 50-yd, 7 reps

16-18 Jingle jangle, 10-yd 6 reps
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3. Single-leg heel raise 2. Resistance band: lunges 1. Resistance band: squats

6. Wall sits 5. Supine hamstring bridge 4. Prone hamstring: with partner

9. Arm swing: resistance band 8. Hip abductor: resistance band 7. Hip flexion: resistance band

3-10. Abdominal of choice 2-10. Abdominal of choice 1-10. Abdominal of choice 
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4. Discussion

In the last decade, participation in sports injury pre-
vention and performance enhancement protocols has 
increased continuously among athletes and coaches. 
One of these protocols which has been designed for 
preventing knee injuries and enhancing performance in 
female soccer players is SMST. In this study, the effect 
of this training protocol on performance and DKV dur-
ing landing in female soccer players was investigated. 
The results of the present study showed that perform-
ing 6 weeks of SMST improved performance such as 
a reduction in speed and agility records, an increase in 
vertical jump height, and a reduction in DKV by 51%. 
Accordingly, SMST can be effective in enhancing per-
formance and preventing knee injuries, especially ACL 
injuries. In previous studies, the effect of neuromuscular 
exercise protocol on injury prevention and performance 
was investigated only in players without neuromuscu-
lar defects. The SMST is one of these protocols which 
can prevent injury and enhance performance in female 
soccer players with neuromuscular defects [22]. The re-
sults of the present study also indicated that performing 
SMST not only enhanced performance but also modified 
DKV during landing significantly. Athletes and coach-
es prefer to participate in interventional exercises that, 
besides injury prevention, improve performance [27]. 
Two common methods of injury prevention training in 
soccer include the training interventions at the start of 

a training session as a warm-up, with a maximum of 20 
minutes (such as FIFA11+), and preparing or bodybuild-
ing in the preseason as a complete training session with 
at least 60 minutes (such as SMST) [22]. The second 

method seems to have a greater impact on reducing in-
jury, improving neuromuscular defects, and increasing 
performance than the first method [22]. A review of pre-
vious studies shows that FIFA11+ has different effects in 
different societies, some research indicates a significant 
increase in performance (speed, jump, and agility), and 
others report no effect on performance [28]. Most neu-
romuscular injury prevention programs are performed to 
improve neuromuscular control, strength, coordination, 
and proprioception [29]. For example, injury prevention 
programs (IPP) which are a combination of plyometric, 
dynamic flexibility, and balance, is one of the success-
ful programs in the field of reducing injury and enhanc-
ing performance, which is done in the first method, i.e. 
warm-up [27]. The effect of plyometric and strength 
training on female soccer players showed that the ef-
fect of plyometric training on improving speed, power, 
and reaction is more than strength training. In SMST, a 
combination of strength and plyometric training is per-
formed in each session, and accordingly, it seems that 
the effect of SMST on performance is more than other 
training methods [30]. Although neuromuscular injury 
prevention training programs have been successful in 
improving landing error, their effects on power (vertical 
jump, long jump) and speed (shuttle running) were not 

Table 4. Effect of SMST on performance (speed, agility, and power) and DKV during landing

FPEta 

Mean±SD

Variables CGTG

Post-testPre-testPost-testPre-test

13.20.010.3928.76±4.8228.81±5.9730.59±4.3628.01±4.69Power (cm)

3.230.010.527.36±0.457.36±0.497.07±0.447.37±0.46Speed (s)

23.60.010.5411.23±0.6011.19±0.6411.10±0.8311.56±0.89Agility (s)

171.80.010.8927.10±5.3927.45±5.0912.45±2.6225.30±4.74DKV (degree) 

 
Abbreviations: TG Training group; CG: Control group; DKV: Dynamic knee valgus; SMST: Sportsmetrics soccer training.
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Table 3. Demographic characteristics of players (age, weight, height, body mass index, and sports experiment)

Mean±SD
Group

Height (cm)Weight (kg)BMI (kg/m2)Sports Background (y)Age (y)

164.1±7.3456.17±4.8620.88±1.895.16±1.9920.2±8.02TG

162.3±5.3553.50±5.3520.30±1.815.41±2.0619.75±1.71CG

TG: Training group; CG: Control group; BMI: Body mass index.
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statistically significant [27]. Investigating the effect of 
SMST on performance in male soccer players without 
neuromuscular defects showed that performing these ex-
ercises leads to improvement in performance (7% speed, 
18% power, and 12% agility), which is consistent with 
the findings of the present study. It seems that agility, 
speed, strength, and plyometric exercises in each session 
of SMST are the main causes [31]. Also, SMST can lead 
to a decrease (57%) in landing error and improve bal-
ance significantly in healthy male soccer players [32]. 
Based on the previous studies, SMST in players without 
neuromuscular defects by correcting landing error seems 
to be effective in improving lower extremity alignment 
and reducing the risk of knee injuries, especially ACL, 
and improving performance that aligns with the results 
of the present study which reduces DKV during landing 
[31, 32]. On the other hand, the results of another study 
indicate that performing 6 weeks of plyometric training 
in soccer players significantly improves the record of the 
speed and jump furthermore; plyometric exercises are 
one of the key components of SMST [33]. A review on 
the effect of plyometric training in soccer players shows 
that performing these exercises can lead to a significant 
improvement in the records of types of jumping and 
speed in short distances and accordingly, plyometric 
training in soccer players programs is necessary [34]. 
The effect of plyometric training in females with DKV 
shows that these exercises significantly improve bal-
ance, power, and agility [35]. Evaluation of plyometric 
training methods of load plyometric-jump training and 
unload plyometric-jump training presented that, load 
plyometric-jump training exercises have a greater im-
pact on improving agility, reaction, speed, and power, as 
well as this training method leads to single leg jumping 
performance improvement and maximum shooting dis-
tance improvement in healthy male soccer players [36].

Power is a combination of two factors: speed and 
strength. By increasing speed and strength, power in-
creases as well. Speed and strength training are other 
key components of SMST and perhaps because of this, 
the present protocol has led to an increase in power [31]. 
The effect of SMST on female players in soccer, basket-
ball, and volleyball showed that in addition to reducing 
the risk of injury, these exercises have significantly im-
proved power in 57% of players and also have a signifi-
cant effect on the agility and strength of lower extremity 
muscles. However, it had no significant effect on speed 
[37]. In this study, about 80% of players had DKV in 
landing and after participating in exercises, a significant 
improvement in the lower extremity and an improve-
ment in landing alignment technique were reported in 
60% of participants; the results of the study are consis-

tent with the present study [37]. The results of another 
study also exhibit that performing 6 weeks of SMST 
in female soccer players improves the agility record by 
about 87%, also, it enhances speed, jump, and overall 
strength significantly [22]. However, SMST and other 
injury prevention protocols have had conflicting results 
on performance. 

For instance, the FIFA 11+ comprehensive injury pre-
vention program had no significant effect on agility and 
core stability, but its effect on speed and power was sig-
nificant [38]. One of the most common injury preven-
tion programs in soccer is the FIFA11+ comprehensive 
program, many studies have investigated the effect of 
these exercises. In investigating the effect of these exer-
cises on the speed, agility, power, and reaction of male 
soccer players, only a significant improvement in power 
was seen. Nonetheless, in the present study, the effect 
of SMST on the improvement of all three indicators of 
performance was significant [38]. However, in another 
study, a significant effect of these exercises on the per-
formance of adolescent soccer players was reported in 
the components of agility, power, and speed [39]. Inves-
tigating the effect of 72 sessions of PEP showed that do-
ing these exercises improved DKV by 5%, while in this 
study, performing 18 sessions of SMST resulted in an 
improvement in DKV landing by about 51% [40]. Also, 
in previous research on the effect of PEP on power, con-
trary to the present study, no significant change in power 
has been reported [38]. Furthermore, in other research 
studies about the effect of PEP on agility, speed, and 
power, only a significant effect on speed has been re-
ported [38].

Plyometric training in female players seems to be able 
to improve lower extremity biomechanics and reduce 
DKV [35]. FIFA 11+ comprehensive training can be ef-
fective in preventing injury and improving the biome-
chanics of the lower extremity by increasing the strength 
of the hip muscles [37]. Adding strength and balance ex-
ercises to the FIFA+11 comprehensive training has been 
suggested because it can reduce the incidence of injury in 
soccer players. However, in SMST, the strength exercises 
are one of the key components of the training protocol 
and this protocol seems to be more comprehensive than 
other injury prevention protocols [28]. A study illustrates 
that ACL-injury prevention protocol training can reduce 
DKV in soccer players significantly. Although the per-
formance was not studied, its finding in the field of DKV 
was consistent with the present study result (51% reduc-
tion in DKV during landing) [41]. However, in this study, 
in terms of soccer-specific fatigue protocol application, 
a DKV increase was observed in players without DKV 
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[41]. Investigating the effect of injury prevention proto-
col training on landing mechanism and neuromuscular 
defects shows that hip and knee flexion during land-
ing increases and knee abduction reduces, although an 
improvement of landing technique and reduction in the 
risk of ACL injury was reported which was consistent 
with the present study results [42]. Yet, some other stud-
ies have reported no effect of injury prevention protocol 
training on DKV reduction and landing technique im-
provement [42]. A review of the effect of neuromuscular 
training on injury prevention shows that neuromuscular 
training could decrease landing forces in stop and jump 
activities, also, it could reduce knee and hip abduction, 
adduction, and flexion during landing and reduce knee 
valgus and varus during jump landing and vertical jump 
tests [43]. By the way, investigating the effect of neuro-
muscular injury prevention training in female athletes 
shows that this training in addition to improving the land-
ing mechanism in jumping activities and increasing the 
knee range of motion positively affects performance and 
improves speed and power records [44]. Also, players 
had an excessive angle of knee varus and knee valgus 
during landing, which occurred a significant improve-
ment after training [44]. Altogether, previous research 
has investigated the effect of SMST on athletes without 
neuromuscular defects. So, it seems that investigating the 
effect of SMST on female soccer players at risk of knee 
injuries, especially ACL (with DKV during landing) and 
its effect on performance is necessary and accordingly, 
the present study was conducted [22, 32]. 

The present study subjects were female soccer players 
with DKV, so it was impossible to compare the effect of 
SMST in females with males and also different neuro-
muscular defects such as trunk dominant, leg dominant, 
and quadriceps dominant. So, it is suggested that more 
research be conducted on the effect of SMST in females 
and males with different neuromuscular defects. Sports-
metrics is a successful protocol in athletes without neu-
romuscular defects. However, studies about the effect 
of sportsmetrics on athletes with neuromuscular defects 
were indistinct and very limited.

5. Conclusion

Most previous researchers have investigated the effect 
of injury prevention training only on reducing the risk 
of injury or enhancing performance in athletes without 
neuromuscular defects and it seemed that concurrent in-
vestigation of the effect of SMST on performance and 
DKV modification during landing is necessary. Because 
DKV during landing is a key risk factor for lower ex-
tremity injury in female soccer players, we studied the 

effect of SMST on performance in female soccer play-
ers with DKV during landing. The data analysis showed 
that not only performance improved significantly (pow-
er, speed, and agility) but also DKV decreased during 
landing (51%). Consequently, using SMST is strongly 
recommended to coaches and athletes with DKV during 
landing to enhance performance and prevent injury.

Ethical Considerations

Compliance with ethical guidelines

This study was approved by the Ethics Committee of the 
University of Kurdistan (Code: IR.UOK.REC.1400.030).

Funding

The paper was extracted from the MSc thesis of the sec-
ond author, Department of physical education and sport sci-
ence, Faculty of humanity science, University of Kurdistan.

Authors' contributions

All authors equally contributed to preparing this article.

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The authors express their gratitude to all people who par-
ticipated in the present research.

References

[1] Dragijsky M, Maly T, Zahalka F, Kunzmann E, Hank M. 
Seasonal variation of agility, speed and endurance perfor-
mance in young elite soccer players. Sports. 2017; 5(1):12. 
[DOI:10.3390/sports5010012] [PMID] [PMCID]

[2] Ko KJ, Ha GC, Kim DW, Kang SJ. Effects of lower extremity 
injuries on aerobic exercise capacity, anaerobic power, and 
knee isokinetic muscular function in high school soccer play-
ers. Journal of Physical Therapy Science. 2017; 29(10):1715-9. 
[DOI:10.1589/jpts.29.1715] [PMID] [PMCID]

[3] López-Valenciano A, Ruiz-Pérez I, Garcia-Gómez A, Vera-
Garcia FJ, De Ste Croix M, Myer GD, et al. Epidemiology 
of injuries in professional football: A systematic review and 
meta-analysis. British Journal of Sports Medicine. 2020; 
54(12):711-8. [DOI:10.1136/bjsports-2018-099577] [PMID]

Mohammadi H & Fakhraei Rad N. Does Sportsmetrics Improve Knee Valgus And Performance? PTJ. 2022; 12(3):175-188

https://uok.ac.ir/
https://uok.ac.ir/
https://doi.org/10.3390/sports5010012
https://www.ncbi.nlm.nih.gov/pubmed/29910372
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5969008
https://doi.org/10.1589/jpts.29.1715
https://www.ncbi.nlm.nih.gov/pubmed/29184275
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5683996
https://doi.org/10.1136/bjsports-2018-099577
https://www.ncbi.nlm.nih.gov/pubmed/31171515


186

 July 2022. Volume 12. Number 3

[4] Alipour Ataabadi Y, Sadeghi H, Alizadeh MH, Khaleghi 
M. Comparing biomechanical risk factors of anterior cruci-
ate ligament injury of elite female soccer players during the 
shearing maneuver and header on the natural grass and ar-
tificial turf. Journal of Exercise Science and Medicine. 2019; 
11(1):51-60. [DOI:10.32598/JESM.11.1.7]

[5] Krutsch W, Lehmann J, Jansen P, Angele P, Fellner B, Achen-
bach L, et al. Prevention of severe knee injuries in men's elite 
football by implementing specific training modules. Knee 
Surgery, Sports Traumatology, Arthroscopy. 2020; 28(2):519-
27. [DOI:10.1007/s00167-019-05706-w] [PMID]

[6] Larwa J, Stoy C, Chafetz RS, Boniello M, Franklin C. Stiff 
landings, core stability, and dynamic knee valgus: A system-
atic review on documented anterior cruciate ligament rup-
tures in male and female athletes. International Journal of 
Environmental Research and Public Health. 2021; 18(7):3826. 
[DOI:10.3390/ijerph18073826] [PMID] [PMCID]

[7] Ghorbani M, Babakhani F. Comparing the kinematics of the 
lower limb joints in jump-landing maneuver among soccer 
players with and without histories of anterior cruciate liga-
ment reconstruction. Physical Treatments. 2020; 10(3):177-
84. [DOI:10.32598/ptj.10.3.454.1]

[8] Jacobs K, Riveros D, Vincent HK, Herman DC. The effect 
of landing surface on landing error scoring system grades.
Sports Biomechanics. 2021; 20(2):190-7. [DOI:10.1080/14763
141.2018.1535617] [PMID] [PMCID]

[9] Lisman P, Wilder JN, Berenbach J, Jiao E, Hansberger B. The 
relationship between landing error scoring system perfor-
mance and injury in female collegiate athletes. International 
Journal of Sports Physical Therapy. 2021; 16(6):1415-25. 
[DOI:10.26603/001c.29873] [PMID] [PMCID]

[10] Clemente FM, Couceiro MS, Lourenço Martins FM, Mendes 
R. Team’s performance on FIFA U17 world cup 2011: Study 
based on notational analysis. Journal of Physical Education 
and Sport. 2012; 12(1):13-7. [Link]

[11] Ramirez-Campillo R, Sanchez-Sanchez J, Romero-Morale-
da B, Yanci J, García-Hermoso A, Manuel Clemente F. Ef-
fects of plyometric jump training in female soccer player's 
vertical jump height: A systematic review with meta-analy-
sis. Journal of Sports Sciences. 2020; 38(13):1475-87. [DOI:10.
1080/02640414.2020.1745503] [PMID]

[12] Akbari H, Sahebozamani M, Daneshjoo A, Amiri-Kho-
rasani M. Effect of the FIFA 11+ programme on verti-
cal jump performance in elite male youth soccer players. 
Montenegrin Journal of Sports Science and Medicine. 2018; 
7(2):17-22. [DOI:10.26773/mjssm.180903]

[13] Fischetti F, Cataldi S, Greco G. Lower-limb plyometric 
training improves vertical jump and agility abilities in adult 
female soccer players. Journal of Physical Education and 
Sport. 2019; 19(2):1254-61. [DOI:10.7752/jpes.2019.02182]

[14] Clark KP, Rieger RH, Bruno RF, Stearne DJ. The na-
tional football league combine 40-yd dash: How impor-
tant is maximum velocity? Journal of Strength and Con-
ditioning Research. 2019; 33(6):1542-50. [DOI:10.1519/
JSC.0000000000002081] [PMID]

[15] McKay BD, Miramonti AA, Gillen ZM, Leutzinger TJ, 
Mendez AI, Jenkins NDM, et al. Normative reference values 
for high school-aged american football players: Proagility 
drill and 40-yard dash split times. Journal of Strength and 
Conditioning Research. 2020; 34(4):1184-7. [DOI:10.1519/
JSC.0000000000002930] [PMID]

[16] Mann JB, Ivey PJ, Brechue WF, Mayhew JL. Validity and 
reliability of hand and electronic timing for 40-yd sprint 
in college football players. Journal of Strength and Con-
ditioning Research. 2015; 29(6):1509-14. [DOI:10.1519/
JSC.0000000000000941] [PMID]

[17] Fílter A, Olivares J, Santalla A, Nakamura FY, Loturco I, 
Requena B. New curve sprint test for soccer players: Reli-
ability and relationship with linear sprint. Journal of Sports 
Sciences. 2020; 38(11-12):1320-5. [DOI:10.1080/02640414.201
9.1677391] [PMID]

[18] Krolo A, Gilic B, Foretic N, Pojskic H, Hammami R, Spa-
sic M, et al. Agility testing in youth football (soccer) play-
ers; evaluating reliability, validity, and correlates of newly 
developed testing protocols. International Journal of En-
vironmental Research and Public Health. 2020; 17(1):294. 
[DOI:10.3390/ijerph17010294] [PMID] [PMCID]

[19] Bin Shamshuddin MH, Hasan H, Azli MS, Mohamed MN, 
Razak FA. Effects of plyometric training on speed and agility 
among recreational football players. International Journal of 
Human Movement and Sports Sciences. 2020; 8(5):174-80. 
[DOI:10.13189/saj.2020.080503]

[20] Michaelidis M, Koumantakis GA. Effects of knee injury 
primary prevention programs on anterior cruciate ligament 
injury rates in female athletes in different sports: A system-
atic review. Physical Therapy in Sport. 2014; 15(3):200-10. 
[DOI:10.1016/j.ptsp.2013.12.002] [PMID]

[21] Noyes FR, Barber-Westin S. Return to sport after ACL re-
construction and other knee operations limiting the risk of 
reinjury and maximizing athletic performance: Limiting the 
risk of reinjury and maximizing athletic performance. New 
York: Springer; 2019. [DOI:10.1007/978-3-030-22361-8]

[22] Noyes FR, Barber-Westin SD, Tutalo Smith ST, Campbell T. 
A training program to improve neuromuscular and perfor-
mance indices in female high school soccer players. Journal 
of Strength and Conditioning Research. 2013; 27(2):340-51. 
[DOI:10.1519/JSC.0b013e31825423d9] [PMID]

[23] Eckard T, Padua D, Mauntel T, Frank B, Pietrosimone L, 
Begalle R, et al. Association between double-leg squat and 
single-leg squat performance and injury incidence among 
incoming NCAA Division I athletes: A prospective co-
hort study. Physical Therapy in Sport. 2018; 34:192-200. 
[DOI:10.1016/j.ptsp.2018.10.009] [PMID]

[24] Hanzlíková I, Hébert-Losier K. Is the landing error scor-
ing system reliable and valid? A systematic review. Sports 
Health. 2020; 12(2):181-8. [DOI:10.1177/1941738119886593] 
[PMID] [PMCID]

[25] Padua DA, DiStefano LJ, Beutler AI, de la Motte SJ, DiS-
tefano MJ, Marshall SW. The landing error scoring system 
as a screening tool for an anterior cruciate ligament injury-
prevention program in elite-youth soccer athletes. Journal 
of Athletic Training. 2015; 50(6):589-95. [DOI:10.4085/1062-
6050-50.1.10] [PMID] [PMCID]

Mohammadi H & Fakhraei Rad N. Does Sportsmetrics Improve Knee Valgus And Performance? PTJ. 2022; 12(3):175-188

https://doi.org/10.32598/JESM.11.1.7
https://doi.org/10.1007/s00167-019-05706-w
https://www.ncbi.nlm.nih.gov/pubmed/31541292
https://doi.org/10.3390/ijerph18073826
https://www.ncbi.nlm.nih.gov/pubmed/33917488
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8038785
https://doi.org/10.32598/ptj.10.3.454.1
https://doi.org/10.1080/14763141.2018.1535617
https://doi.org/10.1080/14763141.2018.1535617
https://www.ncbi.nlm.nih.gov/pubmed/30526375
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6557694
https://doi.org/10.26603/001c.29873
https://www.ncbi.nlm.nih.gov/pubmed/34909248
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8637302
https://efsupit.ro/images/stories/vol_12_1__art_3.pdf
https://doi.org/10.1080/02640414.2020.1745503
https://doi.org/10.1080/02640414.2020.1745503
https://www.ncbi.nlm.nih.gov/pubmed/32255389
https://doi.org/10.26773/mjssm.180903
https://www.researchgate.net/publication/334151118_Lower-limb_plyometric_training_improves_vertical_jump_and_agility_abilities_in_adult_female_soccer_players
https://doi.org/10.1519/JSC.0000000000002081
https://doi.org/10.1519/JSC.0000000000002081
https://www.ncbi.nlm.nih.gov/pubmed/28658072
https://doi.org/10.1519/JSC.0000000000002930
https://doi.org/10.1519/JSC.0000000000002930
https://www.ncbi.nlm.nih.gov/pubmed/30418328
https://doi.org/10.1519/JSC.0000000000000941
https://doi.org/10.1519/JSC.0000000000000941
https://www.ncbi.nlm.nih.gov/pubmed/25785707
https://doi.org/10.1080/02640414.2019.1677391
https://doi.org/10.1080/02640414.2019.1677391
https://www.ncbi.nlm.nih.gov/pubmed/31607228
https://doi.org/10.3390/ijerph17010294
https://www.ncbi.nlm.nih.gov/pubmed/31906269
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6981745
https://doi.org/10.13189/saj.2020.080503
https://doi.org/10.1016/j.ptsp.2013.12.002
https://www.ncbi.nlm.nih.gov/pubmed/24703497
https://doi.org/10.1007/978-3-030-22361-8
https://doi.org/10.1519/JSC.0b013e31825423d9
https://www.ncbi.nlm.nih.gov/pubmed/22465985
https://doi.org/10.1016/j.ptsp.2018.10.009
https://www.ncbi.nlm.nih.gov/pubmed/30388667
https://doi.org/10.1177/1941738119886593
https://www.ncbi.nlm.nih.gov/pubmed/31961778
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7040940
https://doi.org/10.4085/1062-6050-50.1.10
https://doi.org/10.4085/1062-6050-50.1.10
https://www.ncbi.nlm.nih.gov/pubmed/25811846
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4527442


187

 July 2022. Volume 12. Number 3

[26] Mohammadi H, Daneshmandi H, Alizadeh M. [Effect of 
corrective exercises program on strength, ROM, and per-
formance in basketball players with dynamic knee valgus 
(Persian)]. The Scientific Journal of Rehabilitation Medicine. 
2019; 23; 8(3):29-41. [DOI:10.22037/JRM.2019.111286.1887]

[27] Root H, Trojian T, Martinez J, Kraemer W, DiStefano LJ. 
Landing technique and performance in youth athletes after 
a single injury-prevention program session. Journal of Ath-
letic Training. 2015; 50(11):1149-57. [DOI:10.4085/1062-6050-
50.11.01] [PMID] [PMCID]

[28] Zarei M, Seyedi M. [The effect of the FIFA 11+ warm-up 
program on injury prevention in soccer players: A system-
atic review (Persian)]. Journal of Exercise Science and Medi-
cine. 2016; 8(2):229-47. [DOI:10.22059/jsmed.2017.62285]

[29] Saber P, Norasteh AA, Ghiami Rad A. Effect of core sta-
bility training program on tuck jump kinematics in male 
youth soccer players with core dysfunction. Journal of Ex-
ercise and Health Science. 2021; 1(1):37-48. [DOI:10.22089/
jehs.2021.9632.1015.]

[30] Pardos-Mainer E, Lozano D, Torrontegui-Duarte M, 
Cartón-Llorente A, Roso-Moliner A. Effects of strength vs. 
plyometric training programs on vertical jumping, linear 
sprint and change of direction speed performance in female 
soccer players: A systematic review and meta-analysis. In-
ternational Journal of Environmental Research and pub-
lic health. 2021; 18(2):401. [DOI:10.3390/ijerph18020401] 
[PMID] [PMCID]

[31] Saki F, Mohammadi H, Shakiba E. [The effect of sportsmet-
rics soccer-training (SMST) on the performance of young 
soccer players (Persian)]. Studies in Sport Medicine. 2020; 
12(27):201-18. [DOI:10.22089/smj.2021.10044.1464]

[32] Saki F, Mohammadi H, Shakiba E, Ramezani F. Does sports-
metrics soccer training improve less and dynamic balance 
in soccer players? A randomized controlled trial. Physical 
Treatments. 2021; 11(4):269-78. [DOI:10.32598/ptj.11.4.493.1]

[33] Beato M, Bianchi M, Coratella G, Merlini M, Drust B. Ef-
fects of plyometric and directional training on speed and 
jump performance in elite youth soccer players. Journal of 
Strength and Conditioning Research. 2018; 32(2):289-96. 
[DOI:10.1519/JSC.0000000000002371] [PMID]

[34] Ramirez-Campillo R, Castillo D, Raya-González J, Moran J, 
de Villarreal ES, Lloyd RS. Effects of plyometric jump train-
ing on jump and sprint performance in young male soccer 
players: A systematic review and meta-analysis. Sports 
Medicine. 2020; 50(12):2125-43. [DOI:10.1007/s40279-020-
01337-1] [PMID]

[35] Saki F, Madhosh M, Sedaghati P. The effect of selective 
plyometric training on the lower extremity functional per-
formance indexes of female athletes with dynamic knee 
valgus. Physical Treatments. 2019; 9(1):31-8. [DOI:10.32598/
PTJ.9.1.31]

[36] Negra Y, Chaabene H, Sammoud S, Prieske O, Moran J, 
Ramirez-Campillo R, et al. The increased effectiveness of 
loaded versus unloaded plyometric jump training in im-
proving muscle power, speed, change of direction, and 
kicking-distance performance in prepubertal male soccer 
players. International Journal of Sports Physiology and Per-
formance. 2020; 15(2):189-95. [DOI:10.1123/ijspp.2018-0866] 
[PMID]

[37] Noyes FR, Barber-Westin SD. Neuromuscular retraining in 
female adolescent athletes: Effect on athletic performance in-
dices and noncontact anterior cruciate ligament injury rates. 
Sports. 2015; 3(2):56-76. [DOI:10.3390/sports3020056]

[38] Zarei M, Alizadeh MH, Rahnama N, Seif-Barghi T. [The 
effect of FIFA warm-up comprehensive program 11+ on 
performance and physical fitness of iranian adolescent male 
soccer players (Persian)]. Journal of Exercise Science and 
Medicine. 2016; 8(1):15-36. [DOI:10.22059/jsmed.2016.58861]

[39] Zarei M, Abbasi H, Daneshjoo A, Barghi TS, Rommers N, 
Faude O, et al. Long-term effects of the 11+ warm-up injury 
prevention programme on physical performance in adoles-
cent male football players: A cluster-randomised controlled 
trial. Journal of Sports Sciences. 2018; 36(21):2447-54. [DOI:1
0.1080/02640414.2018.1462001] [PMID]

[40] Rodríguez C, Echegoyen S, Aoyama T. The effects of 
"prevent injury and enhance performance program" in a 
female soccer team. The Journal of Sports Medicine and 
Physical Fitness. 2018; 58(5):659-63. [DOI:10.23736/S0022-
4707.17.07024-4] [PMID]

[41] García-Luna MA, Cortell-Tormo JM, García-Jaén M, Orte-
ga-Navarro M, Tortosa-Martínez J. Acute effects of ACL 
injury-prevention warm-up and soccer-specific fatigue pro-
tocol on dynamic knee valgus in youth male soccer players. 
International Journal of Environmental Research and Pub-
lic Health. 2020; 17(15):5608. [DOI:10.3390/ijerph17155608] 
[PMID] [PMCID]

[42] Lopes TJA, Simic M, Myer GD, Ford KR, Hewett TE, Pap-
pas E. The effects of injury prevention programs on the 
biomechanics of landing tasks: A systematic review with 
meta-analysis. The American Journal of Sports Medicine. 
2018; 46(6):1492-9. [DOI:10.1177/0363546517716930] [PMID] 
[PMCID]

[43] Mohammadi H, Daneshmandi H, Alizadeh MH, Sham-
simajlan A. [The effect of acl intervention programs on the 
improvement of neuromuscular deficiencies and reducing 
the incidence of acl injury (a review article) (Persian)]. Sci-
entific Journal of Rehabilitation Medicine. 2015; 4(2):159-69. 
[DOI:10.22037/JRM.2015.1100037]

[44] Myer GD, Ford KR, Palumbo JP, Hewett TE. Neuromuscu-
lar training improves performance and lower-extremity bio-
mechanics in female athletes. Journal of Strength and Con-
ditioning Research. 2005; 19(1):51-60. [DOI:10.1519/13643.1] 
[PMID]

Mohammadi H & Fakhraei Rad N. Does Sportsmetrics Improve Knee Valgus And Performance? PTJ. 2022; 12(3):175-188

http://www.medrehab.sbmu.ac.ir/article_1100621.html?lang=en
https://doi.org/10.4085/1062-6050-50.11.01
https://doi.org/10.4085/1062-6050-50.11.01
https://www.ncbi.nlm.nih.gov/pubmed/26523663
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4732394
https://sshr.ut.ac.ir/article_62285.html
https://jehs.ssrc.ac.ir/article_2306.html
https://jehs.ssrc.ac.ir/article_2306.html
https://doi.org/10.3390/ijerph18020401
https://www.ncbi.nlm.nih.gov/pubmed/33419178
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7825561
https://smj.ssrc.ac.ir/article_2441.html
https://doi.org/10.32598/ptj.11.4.493.1
https://doi.org/10.1519/JSC.0000000000002371
https://www.ncbi.nlm.nih.gov/pubmed/29176387
https://doi.org/10.1007/s40279-020-01337-1
https://doi.org/10.1007/s40279-020-01337-1
https://www.ncbi.nlm.nih.gov/pubmed/32915430
https://doi.org/10.32598/PTJ.9.1.31
https://doi.org/10.32598/PTJ.9.1.31
https://doi.org/10.1123/ijspp.2018-0866
https://www.ncbi.nlm.nih.gov/pubmed/31094246
https://www.mdpi.com/2075-4663/3/2/56
https://sshr.ut.ac.ir/article_58861.html
https://doi.org/10.1080/02640414.2018.1462001
https://doi.org/10.1080/02640414.2018.1462001
https://www.ncbi.nlm.nih.gov/pubmed/29638190
https://doi.org/10.23736/S0022-4707.17.07024-4
https://doi.org/10.23736/S0022-4707.17.07024-4
https://www.ncbi.nlm.nih.gov/pubmed/28222578
https://doi.org/10.3390/ijerph17155608
https://www.ncbi.nlm.nih.gov/pubmed/32759692
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7432391
https://doi.org/10.1177/0363546517716930
https://www.ncbi.nlm.nih.gov/pubmed/28759729
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6604048
http://medrehab.sbmu.ac.ir/article_1100037.html?lang=en
https://doi.org/10.1519/13643.1
https://www.ncbi.nlm.nih.gov/pubmed/15705045


This Page Intentionally Left Blank


