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Summary

Background: The ACL prevention programs are
addressed to the control and/or modification of
the so-called “modifiable risk factors”. All these
programs focus on different intervention strategies aimed to decrease the ACL injury risk, particularly in female athletes population.
Purpose: To furnish an overview of the most used
ACL injury prevention program through a narrative review.
Conclusion: In literature there are many reports
on prevention programs whose common denominator is the proper alignment of the lower limb
joints and proper motor control during movements that are considered at risk for ACL integrity, as the landing phase after a jump. Nevertheless, some programs would appear more effective
than others. In any cases a major problem remains the lack of sufficient compliance in respect
of prevention programs. Finally, it is important to
remember that the ethiology of ACL injuries is
multifactorial. For this reason a prevention program able to prevent all the risk situations is
utopian.
Study design: Narrative review.
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Introduction

In football one of the most dramatic events that may
occur is the rupture of the anterior cruciate ligament
(ACL). Some studies report that the incidence of severe knee sprains involving the ACL injury is, in football, equal to 0.063 events per 1.000 hours of exposure time1. The ACL injury risk is higher, during the
competition rather than in training 2-4. Unfortunately
the ACL rupture may affect the footballer’s career5.
Indeed the return to play calculated 12 months after
ACL reconstruction in some studies is only equal to
33% 5. Furthermore, it is important to underline the
relatively high risk of re-injury (between 4 and 13%)
reported by several Authors6-9. For all this reason the
importance of ACL prevention programs in modern
football is paramount. The purpose of this narrative
review, conducted in according to international
standards 10 is to give an overview concerning the
problematic of prevention program for ACL injuries in
football.

The rationale of prevention programs

Prevention of ACL lesion is a major priority as return
to sport at the same pre-injury level after ACL injury
is around 55%11. Furthermore, it is important to remember that an ACL lesion means the risk of the development of a post-traumatic osteoarthritis (OA)12,13.
Since excessive valgus stress is one of the major risk
factors regarding the ACL anatomical integrity, the
motor control of all movements that can cause an excessive dynamic valgus, is a key part of prevention
programs14,15. Although at that time in the literature
do not exist standardized programs focused on noncontact ACL injuries. Alentorn-Geli et al.16,17 concluded in a review study showing that the so called “multicomponent programs” were more effective than the
“single-component programs” in ACL prevention. The
Authors concluded that, in general, all the programs
based on neuromuscular training (i.e. plyometric exercises, dynamic balance training, muscle strengthening, stretching, increase in body control, control of
impact forces during landing after a jump, control of
the valgus and varus stresses and increase of muscle
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activation) were effective for ACL injury prevention,
especially for the female population. The same conclusions, concerning the effectiveness of the programs focused on neuromuscular training, were
made by other several Authors18-20. On the contrary,
in a systematic review, Grimm et al. 21 focused on
ACL and knee injury prevention program in general
showed a statistically significant reduction in injury
risk for knee injuries but did not find a statistically significant reduction of ACL injuries. This demonstrates
the low specificity of the considered programs. In
any case, the effectiveness of the prevention programs focused on neuromuscular training is probably
based on the improvement in motor control skill
based on the plasticity of the SNC22. SNC plasticity
may produce a change in corticomotor excitability related to motor experience 23 . These corticomotor
changes (in terms of decreased excitability) reflect a
supraspinal adaptation in response to neuromuscular
training24.
Soligard et al. 25 validated the effectiveness of a
warm-up standardized program applied on a population of 1892 footballers belonging to 125 Norwegian
clubs (1055 belonging to the study group and 837 to
the control group) aged between 13 and 17 years.
The program showed its effectiveness in decreasing
the lesions at lower limbs level. La Bella et al.26 conducted a similar study to the above mentioned study
validating the effectiveness of a “neuromuscular
warm-up” concerning injuries prevention at lower
limbs level. The program was conducted in a population of 1492 female subjects. More recently Walden
et al.27 demonstrated the positive effect of a muscle
training program in preventing ACL injuries in a female footballers population composed by 4564 subjects (2479 belonging to the study group and 2085 to
the control group) aged between 12 and 17 years. It
is however difficult to indicate exactly the exercises,
the workload and the frequency on which these prevention programs have been based due to lack of
clear explanations in the published articles 28 . It is
likely that only the balance and proprioceptive exercises, especially if carried out without external supervision, are not effective for this purpose and therefore
it is necessary to add to these programs specific
strengthening exercises for the lower limbs muscles,
core stability training and specific exercises focused
on improving the post-jump landing skills29,30.

The compliance challenge

A further, and not underestimated difficulty is the
compliance demonstrated by the athletes for injuries
prevention program. Indeed, two questions should be
considered: “How many times per week the adopted
prevention program must be performed in order to
hope for its effectiveness?”, and “How many times is
reasonable and realistic to perform the prevention
program in the weekly training plans without finding
resistance/reluctance and difficulties by coaches,
managers and players?” In an 8-year span project
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(Football Excellence Project, the study involved 22
teams over 3 seasons, in Qatar Football Association,
managed by Aspetar, Doha, Qatar), the prevention
program adopted (namely the FIFA 11+) was applied
on average for 35% of the total training sessions31.
FIFA 11+ program is a warm-up program designed to
prevent injuries and combines a series of exercises
that aims to provide general protection from injuries.
It is recommended that the “11+” is performed prior to
every training session. FIFA suggests that players
should be at least 14 years of age to start it32.
Only in the case in which FIFA 11+ program is performed during at least 75% of sessions of football exposure (training sessions and matches) it could be an
effective preventive tool in musculoskeletal lower limbs
injuries in young male footballers. Its positive effects
are lost if the percentage is lower than 75%33-35.
Several Authors have raised the issue of lack of compliance for prevention programs17,33,34,36. Reasons for
low compliance may include:
i. Requirements of a specific warm-up for an equally specific type of training session
ii. Boredom of players to perform always the same
type of warm-up
iii. Specific needs of the coach and/or of the physical
trainer.
In this context, the application of a prevention program (albeit of limited duration, i.e. 15-20 minutes as
in the case FIFA 11+ prevention program) collides
with the needs and practical limitations of daily field
reality31.
The same problem of lack of compliance is present in
ACL prevention programs. Thein-Nissenbaum and
Brooks 37 showed that a population of female
high school basketball players demonstrated very
low compliance with a home-based ACL injury prevention program. The Authors identified as main barrier a lack of compliance with the lack of time justifying 80% of the lack of compliance. Other reasons for
a lack of compliance were that the participants simply
forgot to perform the program and/or that the exercise
program was too long, although each program was
approximately of only 15 minutes in length. The last
barrier reported was the boredom that subjects felt
during the prevention program sessions.
Olsen et al.38 in a study focusing on the effect of a
structured warm-up programme designed to reduce
the incidence of knee and ankle injuries in young athletes, have demonstrated similar findings of lack of
compliance.
Pfeiffer et al.39 conducted a study in high-school female athletes (playing soccer, basketball, and volleyball) from fifteen schools (112 teams) for two consecutive seasons. The study focused on a knee ligament injury prevention program based on plyometric-based
exercise performed twice a week throughout the season. The result of the study showed that the low number of weekly prevention training sessions and the
lack of compliance caused that the program did not
reduce the rate of non-contact anterior cruciate ligament injuries.
Since several meta-analysis studies40,41 reported that
Muscles, Ligaments and Tendons Journal 2016;6 (4):473-479
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higher compliance rates with prevention programs
was associated with lower rates of ACL injury incidence. It is therefore clear that the lack of compliance
represents a serious problem for the effectiveness of
ACL injury prevention programs. For this reason it is
paramount to identify barriers to programs’ implementation and compliance and to create strategies to
overcome the issues associated with a lack of compliance. Some issues linked with the lack of compliance
are represented by the lack of time and space. For
this reason it’s very important that the prevention programs be implemented in a short, efficient manner requiring minimal equipment and space. Furthermore,
the interventions must be tailored to an individual’s
needs. Finally is essential to reduce the boredom
which is sometimes linked to sport-related injuries
prevention program. In that regard, low levels of conflict, high levels of cohesion and organization, and
good communication patterns in the teams are normally associated with good regimen of adherence42.
A satisfactory level of adherence needs individualization and should take into account the patient’s age,
lifestyle, personal motivation, interests, and must use
the right means of motivation43.

The age at which to start the prevention programs

An important question is “when, in terms of chronological age, it is correct to begin to propose a prevention training”. The answer is “soon”. In other words, it
seems correct to start a prevention training at 13
years, both for male and female population. In fact,
although the risk of injuries is quite low under 12
years old44,45 an early introduction of prevention exercises can promote a correct mindset and a habit to
this type of training. ACL injuries are being seen with
a greater frequency in the paediatric population 46.
ACL injury risk begins to increase significantly at 12
to 13 years old in girls and at 14 to 15 years of age in
boys47,48. Although, in literature we can find sport-related ACL injuries in children as young as 5 years,
the data concerning ACL disruptions in children
younger than 12 years are rare47-50. In any case, an
early introduction of training prevention will make into
adulthood easier to obtain a good compliance for
such type of training. It is important to underline an
interesting meta-analysis study51 that showed an agerelated association between prevention neuromuscular training implementation and reduction of ACL incidence in a female population. In this study biomechanical and epidemiological data demonstrated that
the potential window of opportunity for optimized neuromuscular training, and consequently ACL injury risk
reduction, may be before the onset of neuromuscular
deficits and peak knee injury incidence in female athletes. In that regard, it has to be remembered that in
female athletes, ACL sports-related injuries increase
during adolescence and the incidence peak is during
the mid- to late teens51. Again as part of the prevention of ACL injuries in pre-adolescents and adolesMuscles, Ligaments and Tendons Journal 2016;6 (4):473-479

cent athletes, some studies demonstrate that integrative neuromuscular training protocols can reduce the
risk of sports-related injury in young athlete 52-54 .
Ladenhauf et al. 55 recommend that young athletes
should perform, especially in preseason period, training programs focused on strengthening, neuromuscular and proprioceptive exercises under appropriate
supervision of qualified personnel. However, Noyes
and Barber-Westin8 in their review study focused on
ACL injuries prevention in female athletes under the
age of 19 years, showing that only three studies (over
the eight considered studies) effectively reduced noncontact ACL injury rate. The Authors concluded that
pooling of data of all ACL intervention programs is
not recommended because of numerous methodological differences among studies. Based on previous research55,56, it could be concluded that unfortunately,
the level of evidence regarding the prevention of ACL
injuries in young athletes is quite variable and also if
there has been considerable research to test preventive measures for ACL injury, the problem still need
more evidence-based studies.

Hewett’s four hypothesis

Returning to the exposed theories by Hewett et al.57,
already discussed in the previous paper (ACL injury
in football: risk factors) the first hypothesis (i.e. the
ligament dominance hypothesis) provides the introduction of specific training for proper technique especially concerning the landing phase. In the literature,
five studies focused on the investigation of the
biomechanical variables associated with the ligament
dominance hypothesis58-62. The results of these studies were variable. In one study 49 focusing on male
athletes, the subjects showed positive effects after
the injury prevention programme reducing the knee
valgus moment. However, this specific risk factor has
to date been identified only in female population 63.
On the contrary, the other studies showed no substantial benefits on variables related to the ligament
dominance hypothesis. In effect, these studies reported only some isolated positive effects and therefore
require further investigations. In any case, in summary, the prevention programmes related to the ligament
dominance hypothesis seem to be promising in adult
athletes.
Regarding the interventions addressed to the second
hypothesis (i.e. the quadriceps dominance) these latter must be focused on influencing the athletes – especially the women – to be less “quadriceps dominant” emphasizing the hamstring recruitment. So far,
two studies has been published reporting positive
electromyography changes which are considered to
reduce the risk of ACL injury by increasing hamstrings strength particularly the medial hamstring64,65
and decreasing at the same time the quadriceps
electromyographyc activity 55 . In another study
Cochrane et al.66 reported that in a population of experienced team sport athletes, after an injury prevention programme, at initial foot contact, the subjects
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placed their stance foot closer to the body’s midline
and held their torso more upright. These results were
in line with the aims of the technique modification
training. The Authors concluded that these results
were indicative of decreased exposure to ACL risk.
However, the fact that the effect size of the difference
could not be assessed due to the lack of descriptive
statistics, further studies need to make more robust
conclusions concerning this second hypothesis.
Concerning the third hypothesis (i.e. the leg dominance hypothesis) the specific programs are based
on single leg balance and single leg hopping techniques. Indeed, although it may seem counter-intuitive, the more single leg activities an athlete performs, the more side to side symmetry is restored57.
Unfortunately, there are, to the best of the Authors’
knowledge, no studies about prevention programs
based on any variables associated to the leg-dominance hypothesis.
Regarding the last hypothesis formulated by Hewett
et al.57 (i.e. the trunk dominance hypothesis) the prevention programs are based on core training. The
programs must focus on core training with specific instruction in activities providing stability by transversus
abdominis, multifidus and pelvic/hip stabilizers47. To
our knowledge, currently only one study investigated
the effect of an injury prevention programme based
on trunk biomechanics 59. The results of this study
showed a decreasing in lateral flexion angle at initial
contact of post-jump landing phase after training.
Since a lateral trunk displacement after a sudden release task is a predictor of ACL injury57, this represents an important finding. However, since only one
study in literature demonstrates the beneficial effect
of injury prevention programmes on trunk dominance
variables it is currently difficult to make robust conclusions and future studies need to confirm this hypothesis.
In conclusion, literature16,17,67-70, suggests that data
regarding the effectiveness of prevention programmes to reduce ACL injuries or to modify ACL injuries risk factors are not conclusive, even though
some interesting findings already helped practitioners
to orientate their practice. Future researches focusing
on detection of the most effective approaches to optimize the efficacy of prevention programmes in reducing ACL injuries in athletes are necessary.

The use of bracing

The use of bracing can be considered as a mean of
prevention after an initial partial ACL injury, and in order to avoid a total rupture. However, the literature
suggests that is would be unlikely that bracing use
could decrease the risk of ACL re-injury. Wojtys et
al.71 studied the effects of 6 different brace designs
on anterior tibial translation and neuromuscular function in chronically unstable ACL-deﬁcient patients.
Results show that braces decrease anterior tibial
translation in a range of 28.8 to 39.1% also without
the stabilizing contractions of the hamstring, quadri-
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ceps, and gastrocnemius muscles. With lower extremity muscles activation in addition to bracing, anterior tibial translation was decreased by 69.8 to
84.9%. However, an important problem was represented by the fact that the bracing consistently
slowed hamstring muscle reaction times at the voluntary level. In another study72 focusing on the use of
bracing and conducted on one hundred volunteers
from the 3 US service academies with acute anterior cruciate ligament tears, the results showed that the
use of bracing is expensive and is not proven to prevent injuries or influence outcomes. Furthermore, the
use of bracing not only does not improve functional
performance after ACL partial lesion but may also reduce running and turning speed73. Knee braces studies about the athletes comfort and/or reluctance to
use braces are lacking. Indeed, depending on the
sport practiced and the athlete, using braces during
training and/or matches could raise reluctance and
discomfort.

Future directions

Given the importance of hamstring contraction into
the control of anterior tibia shift it is paramount to implement the existing ACL injury prevention program
with specific part dedicated to hamstring neuromuscular control.
Within the design of an ACL injury prevention program, it is important to consider the differences in injury mechanisms especially concerning the different
risk factors existing in male and female population.
For example, in female ACL prevention program
there should be a greater focus on dynamic trunk
training than in a program developed for male athletic
population.
Since neuromuscular control may be the most important and most modiﬁable factor in ACL prevention,
maximum efforts should be made to develop and improve these types of programs. This is paramount especially in female and adolescent athletes population
where neuromuscular training appears very effective
to reduce the risk of ACL injury.
Finally it seems important to adopt effective strategies to increase compliance for ACL injury prevention
programs in athletes.

Conclusions

Considering the disabling consequences, especially
in case of athletic subjects, and high costs caused by
ACL injuries, the importance for the prevention is of
paramount importance. In any case, since the ethiology of ACL injury is multifactorial, a total prevention is
simply impossible. Especially the ACL contact injuries
are completely unpredictable and therefore most
probably cannot take advantage from a prevention
program. Nevertheless, the more effective prevention
programs seem to be the so-called “multi-component
Muscles, Ligaments and Tendons Journal 2016;6 (4):473-479
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programs”. A common point for all these types of programs is represented by the importance given to the
proper alignment of the hip, knee and ankle joints
during the cutting exercises, change of direction and
post-jump landing. For any type of prevention program, the problems concerning the correct workload,
the training frequency, and the compliance by the
athlete still remains.
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