Return-to-Play Criteria After Anterior Cruciate Ligament Injury Reconstruction

Introduction

The Anterior Cruciate Ligament (ACL) is vital in maintaining optimal knee kinematics, offering stability against both anterior and rotational forces. In instances where the ACL is compromised, functional instability may arise, resulting in decreased performance during activities that require pivoting, jumping, and cutting manoeuvres. Furthermore, functional instability can heighten the likelihood of secondary meniscus and cartilage injuries (Petersen et al., 2014).

ACL injuries can occur due to both contact and non-contact mechanisms. Non-contact mechanisms such as landing after a jump, sudden deceleration, or changing direction account for about 70% to 80% of these injuries. Females are thought to be more susceptible to ACL injuries due to the "position of no return", where the athlete lands with an extended hip and knee, valgus knee, internally rotated tibia, and pronated foot (Sepúlveda et al., 2017). 

ACL injuries are common and serious knee ligament injuries, especially among young and active individuals who participate in sports such as basketball, handball, soccer, and volleyball. Research shows that these injuries account for up to 64% of all knee injuries in sports that require cutting and pivoting. It's essential to raise awareness regarding safeguarding and strengthening knee joints to minimise the incidence of such injuries  (Sepúlveda et al., 2017) An ACL injury can cause partial deafferentation, leading to spinal and supraspinal motor control changes, ultimately affecting proprioception. As a result, surgical reconstruction of the ACL is often recommended for patients experiencing functional instability (Meredith et al., 2020). This procedure typically involves using an autologous tendon graft to replicate the native ACL and is considered the gold standard for treating objective and subjective instability. Regarding injuries involving the anterior cruciate ligament (ACL), ACL reconstruction (ACLR) is often the go-to treatment, especially for young and active individuals (Zaffagnini et al., 2015). However, it's crucial to consider various factors, such as the patient-athlete's anatomy, biomechanics, and psychology. These elements play a crucial role in the outcome of ACL reconstruction, which can range from a successful recovery to a less favourable one. By thoroughly evaluating these factors and addressing them during the treatment, we can improve the chances of a successful ACLR outcome (Zaffagnini et al., 2015).

This research aims to investigate the different factors that affect the optimal timing for return to play (RTP), the recurrence of symptoms, and the potential long-term implications of an ACL injury. Despite numerous studies on anterior cruciate ligament reconstruction (ACLR), there are inconsistencies regarding patient satisfaction and RTP. Therefore, this study aims to analyse the rates and predictors of RTP post-ACLR, evaluate patient satisfaction after the procedure, and examine what makes a successful RTP and overall satisfaction with the outcomes of the ACLR.
Pre-Operative and Operative Management

Maintaining proper knee kinematics is crucial to prevent functional instability that can impair performance in jumping, pivoting, and cutting manoeuvrers and increase the risk of the secondary meniscus and cartilage injuries (Meredith et al., 2020). The ACL is critical in providing stability against forces directed anteriorly and rotationally. In cases where the ACL is deficient, surgical reconstruction using an autologous tendon graft is often recommended as the gold standard for treating objective and subjective instability (Sepúlveda et al., 2017). For athletes undergoing ACL surgery, the goal is to return to their preoperative activity level safely (Nwachukwu et al., 2017). However, re-injury rates for the ACL can vary widely, and factors such as patient age, high levels of activity, and returning too soon to demanding sports can all increase the risk of re-injury (Ellman et al., 2015). By understanding these risk factors and working closely with healthcare professionals, patients can take steps towards a triumphant and safe return to their pre-injury activity level. 

Before undergoing ACL reconstruction surgery, it's essential to complete a pre-operative rehabilitation program. This program has proven to be highly effective in reducing inflammation, swelling, and pain and restoring normal range of motion, strength, neuromuscular control, and gait (Ellman et al., 2015). Following ACLR surgery, a well-designed postoperative rehabilitation plan is also crucial for optimal outcomes and a swift return to play. Evidence suggests that the success of the rehabilitation program is more critical than the graft selection in determining RTP. The focus of rehabilitation should include early weight-bearing, pain management, restoring normal range of motion, reducing joint swelling, and improving quadriceps muscle activation. As the recovery progresses, the emphasis should shift towards strength-building exercises, including closed and open kinetic chain (OKC) exercises, neuromuscular control, balance/proprioceptive exercises, and sport-specific training. Patients who undergo rehabilitation have been shown to experience better outcomes, with improved quadriceps activation, reduced muscle atrophy, and a decreased risk of developing knee stiffness and arthrofibrosis after surgery (Petersen et al., 2014). Moreover, a significant deficit in quadriceps strength before surgery may predict long-term strength deficiencies, and a loss of range of motion, especially in knee extension, can result in unfavourable outcomes following ACLR (Petersen et al., 2014).

Several critical factors determine the success of ACL reconstruction surgery. These include choosing the right graft, positioning it anatomically and correctly tensioning it (Ellman et al., 2015). Optimal positioning and tensioning of the graft are crucial for ensuring optimal graft function and isometry. Successful graft placement is essential for effective rehabilitation, smooth return to play, and reduced morbidity (Ellman et al., 2015). The two most used grafts are autograft and allograft. Research shows that autografts are more successful, especially in active young athletes. Two commonly used autografts are bone-patellar tendon-bone (BTB) and hamstring tendon (HT). BTB autograft allows for bone-to-bone healing, which provides superior graft strength and stable positioning compared to screw fixation (Ellman et al., 2015) (Sepúlveda et al., 2017). 

Muscular Strength Deficits

Research studies have found that individuals who undergo ACL reconstruction may experience muscular imbalances in the reconstructed leg or the opposite leg, specifically in the knee flexor and extensor muscles, as well as deficits in the hip muscles  (Petersen et al., 2014). These imbalances are most significant within the first six months post-surgery but may persist for up to two years or longer. Notably, these deficits are graft-related, with patellar tendon grafts resulting in extensor deficits and hamstring grafts resulting in flexion deficits. However, research on flexor strength differences following semitendinosus tendon autograft and semitendinosus/gracilis tendon autograft is limited and inconsistent. Identifying and addressing these muscular imbalances early on can aid in a successful recovery and improve long-term outcomes (Petersen et al., 2014).
Recent studies have firmly established that ACL reconstruction can decrease flexor and extensor strength in the muscles, potentially related to grafting. To ensure the safety of athletes, it is recommended that a thorough isokinetic examination of flexor and extensor strength be conducted before allowing them to resume unrestricted sporting activity (Petersen et al., 2014). Careful rehabilitation after ACL reconstruction should focus on strengthening the muscles linked to the graft and addressing any weaknesses. Moreover, diminished hip muscle strength may also increase the risk of re-injury. Strengthening the hip muscles can help prevent dynamic valgus, which can significantly impact the re-rupture rate after ACL reconstruction. Further research is needed to determine the most suitable tests for evaluating hip strength, whether functional or isokinetic and if they can be used as a criterion for returning to sports.
The way an athlete lands can have a significant impact on their risk of injury. Weak hip abductors and external rotators can dynamically cause the femur to rotate internally and the knee to valgus. Previous studies have evaluated hip muscle strength using isokinetic tests, but functional tests are necessary to analyse dynamic valgus position accurately.

Various authors have outlined drop vertical jump tests to identify athletes who may be at risk of experiencing severe knee injuries (Gokeler et al., 2022). This involves dropping off a box and performing a maximum vertical jump, with athletes who exhibit significant valgus knee motion during landing needing to participate in neuromuscular training before engaging in sports. This training should include exercises that specifically target the hip abductors.

The drop-jump test is a cost-effective and general assessment of lower limb positioning, which can help identify athletes with inadequate control when landing and accelerating into a vertical jump (Gokeler et al., 2022). Another test that can be used to assess functional valgus malalignment of the lower extremity is the one-legged squat. This test can indicate hip abductor muscle function, and further studies are necessary to determine if both tests can be used as criteria for an athlete's safe return to sports after undergoing ACL reconstruction (Petersen et al., 2014).

Training that emphasises the "hip-knee-toe line" position when landing can be an effective preventative measure for future ACL injuries and may be particularly advantageous for young female athletes. By utilising a test battery that includes drop vertical jump tests and one-legged squats, coaches and medical professionals can evaluate athletes to recommend a safe return to sports (Petersen et al., 2014).

It is widely recognised that the lower extremity muscles play a crucial role in knee joint function. For instance, hamstring muscles stabilise an ACL-injured knee, while quadriceps force can contribute to ACL injury. Co-activation of the hamstrings can aid joint stability by exerting an opposing torque against anterior tibial translation caused by quadriceps force. This opposing torque stiffens the knee and reduces strain on the ACL. It is essential to consider other factors that may affect successful ACL reconstruction rehabilitation. For example, during the early stages of rehabilitation, the knee joint is protected, and atrophy of different muscle groups besides knee flexors and extensors may occur. Therefore, addressing weakness in hip abductor muscles can prevent dynamic valgus, which can predispose a patient to ACL injury or re-injury. By taking a holistic approach to rehabilitation that includes the analysis of multiple muscle groups, we can help patients achieve a successful and sustainable recovery.
Return-to-Play

Determining when it's safe for athletes to resume playing after an ACL injury and reconstruction is a challenging task for orthopaedic surgeons. They must consider various objective criteria before clearing a patient to apply weight on the reconstructed knee. There is also ongoing debate over whether using a return to sport as a measure is an effective way to assess the success of an ACL reconstruction procedure.
It is essential to use objective measures to assess a patient's progress throughout their rehabilitation program accurately. This ensures a consistent outcome and a safe return to play. Various tests evaluate an athlete's physical readiness, such as isokinetic testing for strength symmetry and hop tests for movement quality. The test results should show a Limb Symmetry Index (LSI) of at least 90% for a safe return-to-play determination. However, for high-demand sports like basketball and soccer, an LSI of 100% is recommended to minimise the risk of injury recurrence and potential long-term complications.
Apart from physical preparedness, an athlete's mental state is also paramount regarding the timing and outcomes of returning to play (Kaplan and Witvrouw, 2019)  (Meredith et al., 2020). The apprehension of reinjury has been identified as a significant factor in abstaining from sports participation. While not commonly employed, several scoring systems exist that cater to the psychological aspect after ACL reconstruction, such as the Tampa Scale for Kinesiophobia and ACL Return to Sport After Injury Scale (Wilk et al., 2023). Medical professionals propose that various psychological elements can impact an athlete's RTP timing, given that each person has a unique perception of healing, stability, proprioception, comfort, and assurance (Meredith et al., 2020)  (Wilk et al., 2023).
For patients looking for non-surgical options, a rehabilitation protocol with the possibility of delayed reconstruction is available. While there are no set requirements for returning to play with ACL-deficient knees, factors like level of physical activity, ligament laxity, psychological readiness, strength, and neuromuscular control should all be considered when deciding whether to return to play.
Returning to play is of utmost importance for athletes following an ACL injury. However, it's essential to consider several objective factors before resuming physical activities. These factors include the timing and type of surgery, patient symptoms, physical examination results, isokinetic and functional testing, and data from validated questionnaires that assess subjective factors like patient satisfaction and psychological readiness for sports. Recent research shows that returning to play may take longer than previously thought, with better outcomes observed after nine months post-reconstruction (Kaplan and Witvrouw, 2019) (Sepúlveda et al., 2017)

The RTP Criteria

A 3 step, decision-based RTP model was developed in 2010 to synthesise and categorise various aspects of the RTS process. This model may serve as a helpful framework for providers to consider. Step 1 involves assessing the athlete's injury risk by evaluating previous injuries, medical history, and physical condition. Step 2 considers biomechanical and anatomical factors, including movement patterns, limb dominance, and protective capabilities. Step 3 involves examining decision modifiers, such as the timing of the season, conflicts of interest, and internal and external pressures (Meredith et al., 2020) (Tjong et al., 2014). In 2015, the Strategic Assessment of Risk and Risk Tolerance (StARRT) framework adapted the 3-step model to group risk assessment by biological constructs and compare it to risk tolerance assessment. This framework can assist healthcare providers in determining whether to allow an athlete to return to sport as if the risk assessment exceeds the risk tolerance. The athlete should not be allowed to return.

Research on ACL reconstruction outcomes in specific sports is surprisingly lacking in the literature. While there is some evidence that return to sport rates and timing vary across different types of activities (with cycling and jogging showing higher rates than cutting and jumping), the evidence is limited (Nyland, Brand and Fisher, 2010). There is a need for improvement in this field, with a focus on developing and evaluating evidence-based, sport-specific rehabilitation protocols to achieve the best outcomes for each athletic population  (Sepúlveda et al., 2017). A recent study utilising a sport-specific program yielded promising results for professional soccer players, with almost 80% of patients returning to training at the 6-month, compared to 40% and 37% in similar cohorts. Return to official matches occurred at a mean of 186 days after surgery (Davies et al., 2017).Determining when patients are ready to return to sports remains complex for clinicians. The evidence available is not always consistent, and various factors come into play. A standardised approach cannot be applied to all patients equally (Sepúlveda et al., 2017). Instead, tailored rehabilitation programs and personalised return-to-sport criteria should be implemented, considering each patient's specific characteristics. Moving forward, it is essential to focus on enhancing the objective assessment of patient performance to gauge better the factors that impact their ability to engage in unrestricted physical activity (Zaffagnini et al., 2015).


Conclusion

Following a proper RTP protocol is essential to prevent subsequent injuries that can lead to loss of scholarships or income, decreased participation in sports, retirement from sports, and long-term clinical and functional complications. Several preoperative, operative, and postoperative factors influence the decision regarding RTP clearance (Zaffagnini et al., 2015).

The decision to resume sports was founded on criteria that were subjective and non-specific, such as "normal knee function on clinical examination," "good/normal/satisfactory stability," and "regained full functional stability." However, when objective criteria were considered, factors such as time since surgery, muscle strength, range of motion, and effusion were the most frequently used (Meredith et al., 2020) (Ellman et al., 2015). Regarding the first criterion, most individuals considered six months to be the cut-off point for resuming sports, with no significant differences observed between grafts (Zaffagnini et al., 2015).

The RTP process should be considered as a progressive course throughout the patient’s rehabilitation, considering the restoration of biological knee health according to the chosen treatment option, the targeted sport, and the desired level of performance as well as concomitant knee injuries and psychological readiness  (Ellman et al., 2015). The process should be divided into phases, including specific clinical and functional milestones that are required to be met before progression to the next phase. Others have similarly reported on RTP as a stepwise progression (Nyland, Brand and Fisher, 2010). One group subdivided the RTP process, using the terms of graded progression from rehabilitation to sport-specific training, followed by training for competition and actual competition. Another report defined the key steps of the RTS progression as on-field rehabilitation, return to training, return to competitive match play, and return to performance (Nyland, Brand and Fisher, 2010).

Therefore, for future endeavours, clinicians and researchers must enhance or create tools to measure and quantify patient performance effectively (Wilk et al., 2023). Recently, there has been an increasing interest in accurately measuring the pivot shift test. To this end, a range of techniques have emerged, including using accelerometers, image-based software, tablets, and even an iPad application, all designed to assess acceleration or tibial translation during the pivot shift manoeuvre. Future research is expected to concentrate on motion analysis of athletic movements and actions to help with the return to play criteria (Gokeler et al., 2022).
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