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ABSTRACT

Background: Anterior Cruciate Ligament (ACL) tear is currently a main issue in all of sports communities.
Although the number of ACL injuries in football remains low, it’s consequences on both professional and personal
lives remain a major concern of rehabilitation.
Methods: If practitioners often require more time to bring athletes in the best condition, the fact remains that this
concept of time before return to sport is nowadays considered as obsolete. Indeed, the better understanding of the
mechanisms of lesion and the strains placed on the graft after reconstruction, allow us to establish a personalized
program based on clinical criteria and the patient's objectives.
Results: The current scientific literature allows us today to optimize the return to play and performance by the use
of neuromotor and neurocognitive approaches, muscle strengthening methods and a preventive program necessary
to recover the previous level of the players while taking into account physiological and psychological changes due
to ACL reconstruction. Indeed, it is important to have a systemic approach centered on the patient, the sports
movement, as close as possible to the field in order to find an optimal function of the knee in interaction with its
environment.
Conclusion: In order to reduce risk of reinjury and allow best performance for the player, it appears important to
be able to identify the risk factors so that the player can return to play in optimal conditions.
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Abbreviations: ACL : Anterior Cruciate Ligament; BFR: Blood Flow Restriction; CKC: Closed Kinetic Chain;

NHE: Nordic Hamstring Exercises; OKC: Opened Kinetic Chain; H/Q: Hamstrings/Quadriceps

INTRODUCTION

The return to play after ACL reconstruction is the major goal of rehabilitation. According to several studies, ACL
rupture accounts for 6%-14% [1,2] of injuries related to football, however this injury keeps the athlete away from
the field for many months with significant social and economic impact associated with both physiological and
psychological both which must be taken into account.
Walden et al. admits a prevalence of 0.309 per 1000 hours of play and 0.013 per 1000 hours of training [3]. These
Figures show that ACL tear is only a small part of the injuries sustained by the musculoskeletal system in football
but its repercussions and modifications mentioned above and the risk of re injury push therapists to adopt optimal
rehabilitation strategies in order to overcome a new injury and complications as well as reduce time before return to
play. In fact, the young athlete seems to be exposed to a considerable extent to relapse with a risk of recurrence of
25% [4,5].
In order to optimize the return to play for footballers, it seems necessary to understand the mechanisms, the loads
applied to the graft and the associated physiological modifications.
Injury Mechanisms
In a research published by Villa et al. [6], several injury mechanisms appear linked to playing football. This
parameter is important as it sets the starting point of the lesion and therefore the start of the physiological and
psychological modifications that the footballer will undergo in his treatment path towards the resumption of play.
12% of injuries occur through direct contact, when the footballer tackles or gets tackled. In this type of mechanism,
we find 81% of direct impact on the knee in a valgus position with the foot fixed to the ground. The remainder of the
lesions occurring during a direct impact on the hyperextended knee. Della Villa et al. [6] found in this situation 56%
lesions in the defensive phase and 44% in the offensive phase. However, despite these interesting Figures, this type
of mechanism does not constitute the situations most often found in football during an ACL injury. The mechanisms
responsible for most ACL injuries in football appear to be indirect contact (44%) and non-contact (44%).
Indirect contact results from a shock between 2 players that doesn’t involve contact of the injured knee. Thus, the
player causing the injury can pull the arm of the player undergoing contact or during a physical shock. This extrinsic
destabilization causes a biomechanical disturbance in the lower limb leading to an ACL injury. This type of
mechanism happens both on the offensive and on the defensive phase.
Non-contact, however, seems to be the most interesting mechanism, since it involves understanding how a player
can suffer an ACL injury alone and without any contact with another player. This is the most typical type of injury
in football and is usually the result of a biomechanical disturbance that results from a major interaction with the
environment.
Two parameters seem important to take into account: Biomechanical disturbance and neurocognitive disturbance.
Indeed, the biomechanical disturbance is noticed by an ipsilateral inclination and contralateral rotation of the trunk,
an abducting hip, a dynamic valgus of the knee and a lateral rotation of the foot flattening on the ground. The
neurocognitive disturbance occurs between 200 ms and 400 ms before the foot makes contact with the ground.
Associated with the biomechanical disturbance, the brain then makes a decision that is unsuitable for the situation
and the environment, creating an ACL injury in footballers.

35

Int J Med Res Health Sci. 2021, 10(S1):34-44

Florian Forelli et al.

Thus, we can summarize by saying that 56% of ACL lesions occur during contact (direct or indirect) and 88% occur
without contact at the knee [6].

When do ACL Injuries Happen?
Much controversy exists over the reasons and times of occurrence of ACL. The scientific literature helps us better
understand the risk periods for ACL lesions. Thus, Villa et al. retrospectively list the time to onset of ACL lesions
during a match and during a season [6]. Thus, during a match, most ACL injuries occur during the first period and
especially the first 15 minutes. This confirms the work of Bourne [7] in which he excludes muscle fatigue as a risk
factor for ACL injury. Indeed, Villa et al. reports in total that 66.6% of injuries occur during the first period and only
33.4% during the second period of play (Figure 1). Muscle fatigue cannot therefore be an element to consider during
an ACL injury, unlike the neurocognitive disturbance that can occur at any time during a match [6,7].
Likewise, if we study the occurrence of ACL lesions over the course of a season, we can notice that ACL ruptures
occur at the start of the season (September and October) when the weather conditions are good and the terrain under
optimal conditions (Figure 2) [6]. This calls into question the dogmas that ACL lesions occur on slippery, wet
ground in cold weather. Likewise, as Howard points out, there is no significant difference between the risks of injury
on artificial or natural grass [8].
Figure 1: Occurrence of ACL lesions during a match

Figure 2: Distribution of ACL lesions during the average season per month
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Delay-Based Rehabilitation
Classically, rehabilitation after ACL reconstruction begins early with analytical work between D0 and D45 with the
recovery of joint amplitudes and muscle awakening. Then comes the functional side between D45 and D90 with
closed kinetic chain muscular work and obtaining good muscular control.
Between D90 and D120, sports rehabilitation begins with the return to running. However, this period remains
unclear about rehabilitation, it focuses on the continuation of muscle strengthening and rehabilitation coach driving
without protocol specific. The last stage focuses on the return to sport with a non-contact phase at first and noncontact in a second time.
However, this type of standardized rehabilitation does not take into account the specificities linked to a sport such as
football but above all does not acknowledge the uniqueness of the patient. Today, and with the knowledge of recent
data in the literature, the clinical aspect seems the most interesting in order to optimize the return to competition. It
seems necessary to be based on the progress of the patient and his goals in order to optimize rehabilitation and return
to the field in optimal conditions.
The Ligamentization and Constraints
The scientific literature agrees that the graft undergoes physiological modifications in order to acquire the
mechanical strength of a healthy ACL. It is on this basis of ligamentization process that rehabilitation saw its
progress over time. However, many authors who have thought about the question cannot find a consensus on the
duration of the ligamentization phases (Figure 3) [9]. Thus, without any scientific consensus achieved, it seems
today impossible to base oneself on this type of criterion for the progression of rehabilitation and the resumption of
sport in football and in sport in general.

Figure 3: Ligamentization phases according to international scientific literature
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Likewise, due to this ligamentization, many illogisms are created in rehabilitation. We then considered the graft
fragile from 3 months; however we allowed the resumption of the race and muscle strengthening in OKC which are
supposed to apply to the graft the greatest stress.
However, when we study the work of Ranjan et al. Balla la and Jansen et al. [10-12], we can realize that the graft
becomes more “fragile” at the 3-month stage but that it is nonetheless "solid". In fact, when we observe the work of
Ranjan [10], the primary strength of the graft allows progressive stressing in order to ensure its mechanization while
relying on the patient's clinic (Figure 4). Likewise, Ballala [11], shows that the strength of the graft during its most
“fragile” phase corresponds to 50% of the initial resistance of a healthy ACL, i.e. 1000 N (Figure 5). This allows us
to perform a number of exercises aimed at optimizing the patient's rehabilitation.
In addition, the biomechanical studies of Escamilla et al. Taylor et al. and Beynnon et al. [13-15] show that
equivalent stresses on the ACL during a Lachmann test, a squat and a dynamic extension of the knee against
resistance corresponded to a 3.8% elongation of the graft when walking causes 14% [14]. This confirms the recent
work of Noheren et al. and Belloir et al. [16,17] on the non-hazardous aspect of ORC if it is applied with reasoning.
Figure 4: Maximum stress depending on the grafts used

Figure 5: Modeling of the strength of the graft over time

38

Florian Forelli et al.

Int J Med Res Health Sci. 2021, 10(S1):34-44

Rehabilitation in Phases
As we mentioned previously, optimization seems to have gone through the clinical progress of the patient and not
through a time delay which can waste time for some in the ability to return to sport and competition.
Hughes and Cooper [18] therefore draw from the international scientific literature in order to develop objective
criteria for rehabilitation and evaluation to optimize the rehabilitation of patients with ACL reconstruction.

•
Phase 1: Recovery from surgery with the important objectives of recovering full extension, fighting against
inflammatory phenomena and muscle awakening of the quadriceps
•
Phase 2: Neuromuscular Strength and Control with the main objectives of unipodal balance, peripheral
muscle strength at the knee and dynamic control of the knee (unipodal squat)
•

Phase 3: Race, Agility and Landing

•

Phase 4: Return to sport

•

Phase 5: Prevention of iterative injury

The progression and the upgrade from one phase to another are conditioned by objective clinical elements and allow
an appropriate follow-up with the objective of the return to play, in particular among footballers.
However, in order to optimize the return to competition of footballers as much as possible, we can go further and
imagine that the phases can be concomitant with each other. Thus, the therapist can adapt the exercises to his patient
in a reasoned way and in connection with the scientific literature in order to allow a return to optimal competition.
For example, including a cardiovascular reconditioning program in an athlete’s early rehabilitation may improve
progress throughout the difference stages, as well as keep the athlete himself more engaged in his own rehabilitation.

Inclusion of OKC
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Muscle strength is always a primary goal after ACL reconstruction. Thus, as soon as full extension is reached, OKC
exercises can complement the CKC exercises as suggested by the work of Jewiss et al. [19]. Noehren et al. [16]
suggest that it is necessary to apply a resistance equivalent to 60% of the RM with a fast concentric phase and a slow
eccentric phase. Likewise, the early inclusion of isokinetic strengthening can be of tremendous benefit in building
muscle. Although sometimes considered aggressive for the graft, the work of Belloir et al. [17] shows that open
isokinetic training has no negative effect on the graft’s distension and could even act as a protective factor of the
graft during muscle strengthening.
Role of BFR
The BFR is both a tool and a method of rehabilitation that aims to partially restrict the arterial flow and completely
restrict venous flow during the exercise muscle [20]. Muscular atrophy and loss of muscle strength are postoperative
consequences after ACL reconstruction [21]. These muscle deficits persist several months after operation thus
slowing down the progress and optimization of the return to competition and performance for the athlete [22]. These
innovative approaches in the early management of postoperative consequences helps fight against these
consequences and may help restore knee function [23].
The met analysis of Hughes et al. in 2017 [24] concluded that low-load BFR (30% of Maximum Resistance) may
provide an effective approach to early strength and hypertrophy training in individuals who do not tolerate
rehabilitation at high load. It therefore helps to develop these muscular qualities just a few days after the operation.
They observe similar benefits to high load work with regard to hypertrophy while minimizing joint and tissue stress
[25].
Optimize Proximal Control
As we have seen previously, the trunk plays a major role in ACL injury. It appears important to be able to take this
parameter into account during rehabilitation. As Dischiavi et al. [26], this is an essential step towards a correct return
to performance. Muscle strengthening and proprioceptive exercises focused on the trunk and the placement of the
knee in its environment should be undertaken early. The aim is to control the dynamic valgus of the knee during a
movement specific to football or another sport. Likewise, programs to strengthen the trunk and hips by
strengthening the muscles responsible for the hip abductor moment appear to improve performance during jumps
and are an important component of dynamic control of the lower limb [27].
Neurocognitive and neuromotor
Recent scientific literature highlights the neurocognitive disorders associated with ACL injury. Thus, if the work of
Burland et al. [28] speaks of the physiological modifications acquired by reconstruction of the ACL, Linard et al.
[29] highlights a disturbance of the balance and a significant visual dependence after reconstruction of the ACL
from the earlier phases of rehabilitation. Other studies corroborate these results and highlight alterations in the
quality of movement which can be detrimental for the return to competition [30-33]. Therefore, exercises with
strobe glasses and/or exercises based on a knee control with external focus seem most effective to recover optimal
knee function [33-37].
Sport-Specific Movements and on Field Rehabilitation
One of the main causes of non-return to sport is movement alterations associated with fear [38,39]. Therefore
Bukthorpe et al proposes a design based on four pillars to optimize the rehabilitation of patients: quality of
movement, specific movements in sports, physical condition and progressive physical training (Figure 6) [40]. In
another article, he reveals 5 stages to work on with an emphasis on changes of direction and football-related skills
[41]. Thus, it seems interesting in rehabilitation to work on the movements inherent in football and if possible on
field. As a result, the gesture is reintegrated, trained and makes it possible to optimize the return to competition.
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Depending on the clinical assessment of the patient, it seems relevant to rework in an appropriate way contact
situations, passes, shoots while focusing on the position of the knee during specific movements on the ground.
Similarly, this type of work could make it possible to reduce apprehension when resuming competition and thus
avoid a sudden transition from rehabilitation to the field.
Figure 6: The 4 pillars of "On Field Rehabilitation"

Prevention
If the prevention programs for injuries have proved their worth in football with the FIFA 11+ program for example,
the fact remains that in order to prevent ACL injuries it seems insufficient. As reported by the study by SilversGranelli et al. there is no significant difference between a FIFA 11+group and a control group either in terms of
positioning on the posture and the placement of the limb in action [42]. However, in a study by Séquier et al, our
attention is focused on another type of injury well known to football players: hamstring injury [43]. Indeed, as
shown in this study, the muscle activity of the biceps femoris appears to be significantly increased after ACL
reconstruction. This is an important note because the biceps femoris remains the most affected during hamstring
injuries [44]. Thus, in football, a strong provider of hamstring injuries, it would then be necessary to work on the
prevention of this type of injury especially after ACL reconstruction.
To date, there is no therapeutic consensus on the implementation of a hamstring injury prevention protocol.
Nevertheless, the study by Mendiguchia et al. shows that a prevention protocol focused on high speed training and
sprinting gives more effective results in terms of performance than simple eccentric reinforcement [45]. However,
according to Bukthorpe et al. this type of injury being multifactorial, it is necessary to work on other aspects such as
obtaining a good Hamstring/Quadriceps strength ratio, intermuscular coordination, hamstring flexibility as well as
lumbopelvic stability [46]. However, it seems interesting to us to also work on exercises such as the Nordic
Hamstring (NHE), as it has been shown to reduce the risk of hamstring injury by 65%-70%, while noting that only
11% of elite football clubs adopt a training or prevention program including NHE.

CONCLUSION
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The rehabilitation of footballers after ACL reconstruction aims to take several parameters into account. Indeed, the
injury mechanisms are the basis of any treatment in order to identify the biomechanical and neurocognitive
disturbances affecting the player, which could lead to lack of performance or re-injury. Thus, the therapeutic
strategy put in place must ensure that these parameters are taken into account in order to optimize the return to
competition by integrating the specific movements and the environment linked to the player and his sport. Therapists
must also respect the stages of progression in order to avoid the appearance of any possible complications.
Optimization of rehabilitation should lead to a return to competition in optimal conditions but also to reduce the risk
factors for recurrence. Finally, each therapist should make his patient evolve on objective criteria of progression as
well as objective criteria to resume running and return to sport.
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