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Introduction

Laskowski (2014) states that “The anterior cruciate ligament (ACL) is a primary restraint to anterior tibial translation and a significant contributor to both static and dynamic knee stability, especially for sports and activities that require deceleration and aggressive cutting and pivoting movements.” The ACL represents one of the most significant injuries in collision-based field sports such as rugby union. The sport places substantial multidirectional and contact-based demands on the knee joint, including high-speed running, rapid deceleration, cutting manoeuvres and unanticipated perturbations. Consequently, ACL injuries carry considerable implications for performance, long-term joint health, and reinjury risk. Beischer et al (2020) mention that despite advances in surgical techniques and rehabilitation protocols, secondary ACL injury rates remain high, particularly in younger athletic populations returning to pivoting sports. 

Late-stage rehabilitation and pre-discharge decision-making are increasingly recognised as critical phases in reducing reinjury risk. According to Grindem et al (2016) traditional time-based clearance models have been challenged by evidence suggesting that neuromuscular deficits, strength asymmetries and psychological readiness are often unresolved at return to sport. In rugby, where chaotic and contact-based demands exceed those of many non-collision sports, restoration of tissue capacity must extend beyond isolated strength symmetry towards exposure to high-speed, multidirectional and fatigue-related stress. 


Physiological & Biomechanical Demands of Rugby

Rugby union is a sport played on a pitch where participants have to execute brief bursts of high-intensity action, like running, speeding up and slowing down quickly, changing directions and hitting other players. You can tell that players perform a lot of hard work and some simple work by looking at the match data. This puts a lot of strain on both the aerobic and anaerobic systems. Jones et al. (2015) say that backs normally run farther and faster than forwards, who have more crashes and short bursts of speed. Both groups have to do sprints over and over again and change speeds quickly, even if they are in different places. The joint is under a lot of stress because of this. You need concentric force to speed up and eccentric quadriceps loading to slow down in order to keep the front tibia from sliding forward and to absorb the power of braking.

From a biomechanical perspective, numerous movement patterns commonly observed in rugby correspond with established non-contact ACL injury mechanisms.  Sugimoto et al. (2015) argue that when you stop quickly, the forces that slow you down make the anterior shear stress at the knee worse, especially when the knee is moving and the trunk isn't controlled well enough. Changes in direction that aren't expected put more stress on the ACL since they make it harder for the brain and muscles to work together, especially when athletes have to quickly respond to the movement of the ball or their opponents (Della Villa et al., 2020). If you're weary, these hazards could get worse because it would be difficult to move your legs and the front plane would be less stable.
Rehabilitation after ACL surgery needs to do more than just make you stronger because of these physiological and biomechanical needs. Rugby players have to deal with a lot of deceleration stresses by using efficient eccentric braking, quickly absorbing and redistributing power through proficient reactive strength, and quickly changing the direction of their movement (Buckthorpe et al., 2019). The knee must adapt to the unpredictable and dynamic nature of match play by being exposed to perturbative and contact-based stimuli. If these stressors aren't present during rehabilitation, any remaining problems may not be fixed until the player returns to play, which raises the risk of injury.

Late-Stage rehabilitation goals

One of the main goals of late-stage rehabilitation after ACL surgery is to make the tissue robust enough to handle the high mechanical stress of rugby union. After surgery, it is common for the quadriceps to stay weak for more than nine months (Welling et al., 2018). The quadriceps are very important for controlling the movement of the tibia forward and absorbing forces that slow it down.  If they keep getting weaker, the knee could not be as stable during sports that require a lot of effort. Some rehab programs use limb symmetry index (LSI) thresholds, which are usually 90% or greater, to decide whether a player can play again.

Recent research, however, suggests that symmetry may obscure bilateral neuromuscular deficits, as the unaffected limb can also demonstrate reductions in strength and performance following injury (Dingenen and Gokeler, 2017). So, getting symmetry back doesn't necessarily mean getting back to how things worked before the damage. In collision-based sports, having a low rate of force development (RFD) and low maximal strength is particularly important. When rugby players are running, cutting, or colliding with other players, they need to quickly make and absorb force. If the RFD is lower, it might be harder to keep the knee stable when you stop fast or move in a way you didn't expect. This would put more stress on the ligaments.

Because of this, late-stage rehabilitation should focus on getting back to full strength in relation to body mass rather than just symmetry. It should also work on making explosive force creation better. How mentally ready you are also affects how safely you may return to sports. Changes in how people move and a higher risk of getting harmed again have been linked to fear of getting hurt again and a lack of confidence (Webster et al., 2019). In rugby, it's also important to be able to handle fatigue because increasing weight might make it difficult to control your muscles. Athletes must demonstrate the ability to maintain knee stability in the frontal plane and regulate trunk movement during numerous high-intensity trials.

Strength, hypertrophy & power prescription

Heavy resistance training is the most important part of late-stage ACL rehabilitation. It helps restore the strength of the quadriceps and increase the overall force capacity of the lower limbs. After ACL restoration, some people still have weak quadriceps, and this weakness may still be there nine months after the surgery (Welling et al., 2018). To get the most out of your brain's changes and get stronger at creating force, you normally need to train at 80% of your one-repetition maximum (1RM) (Buckthorpe, 2019). The quadriceps are very crucial for controlling how the knee moves forward and slows down. Your knee might not be as stable when you play sports that involve a lot of speed if you don't get enough muscle back. Both workouts that work both sides and others that work only one side are helpful right now. You can lift greater weight with bilateral lifts, while unilateral tasks could indicate disparities between your limbs. But the usage of limb symmetry index (LSI) guidelines, which are frequently at least 90%, has come under increased scrutiny. Symmetry may help with functional recovery because bilateral neuromuscular problems often happen after ACL surgery (Dingenen and Gokeler, 2017). Also, getting an LSI of 90% or above may not always mean a lower risk of getting hurt again, especially if your absolute strength compared to your body mass isn't good enough (Kyritsis et al., 2016).

Eccentric loading is very significant for rugby players since they have to cope with a lot of braking forces when they slow down or change direction. Deceleration is a crucial component of ACL loading processes, as it exerts significant force on the quadriceps to regulate knee valgus and anterior tibial shear moments (Della Villa et al., 2020).

Maximal strength is necessary, but it's not enough to prepare players for the quick power needs of rugby. Reports have indicated diminished rates of force development (RFD) subsequent to ACL surgery. This could make it harder to keep the knee stable when playing sports that need quick reactions (Buckthorpe, 2019). Speed and power training is supposed to help you move quickly and in many different directions while also generating explosive force. Rugby union is highly quick and crazy, therefore late-stage rehabilitation should include a lot of muscle training, power training, and RFD training. So, even while getting to 90% LSI can be a big deal, it doesn't mean that performance capacity has fully returned or that it's safe to play again.





Sprinting, Acceleration, Deacceleration and Change of direction

Getting back to sprinting is a very critical part of the last phases of recuperating from an ACL injury, especially in a sport like rugby union where there is a lot of contact. A progressive exposure paradigm should be used for sprinting. This implies that the pace and distance of running should slowly go up based on how well the tissues can handle it and how bad the symptoms are. It is necessary to slowly become acclimated to running faster because submaximal efforts may not be able to imitate the strain rates experienced during a match (Taberner et al., 2019). To prepare for the rigours of competition, athletes must be subjected to speeds exceeding 90% of their maximum sprint speed once more (Buckthorpe, 2019). 

High-speed running measures based on GPS and other load monitoring systems may help keep track of development and make sure that rehabilitation is in accordance with what the player needs to do in the match. You might not be able to address any problems with force absorption and neuromuscular coordination if you don't start running fast again before you play again.

It is vital to pay great attention to deceleration retraining because it is known to be connected to how ACL injuries happen. To stop quickly, you need to use your eccentric quadriceps a lot to control the tibia's forward movement and make the load from the ground lighter (Della Villa et al., 2020). If you don't have adequate eccentric strength or don't put your trunk in the appropriate spot, the moments of knee abduction could get stronger and put more stress on the ligaments. Rehabilitation should include specific deceleration exercises that help with trunk control, keeping the knees stable in the front plane, and absorbing force in a controlled way. If you slowly increase the strength of the brakes and the speed of the approach, the tissues may be able to withstand additional mechanical stress.

You can change your ability to slow down, which is a risk factor for ACL damage. To lower your risk of being harmed again, you need to get your eccentric quadriceps strength back. Training for change of direction (COD) should start with drills that are controlled and then move on to tasks that are reactive and spontaneous, just like rugby union is. Sigmoto et al. (2015) discovered that unanticipated cutting exerts greater stress on the knees and the ACL compared to planned movements. Adding tiredness to exercise is also important because the extra weight might make it tougher to control your muscles and nerves. Players might also be better prepared for the unique needs of a match if they are slowly exposed to situations where they can be disrupted and experience-controlled contact. Most of the time, standard rehab programs include linear jogging and controlled drills. 


Plyometrics and landing

Plyometric training is a crucial component of ACL rehabilitation in the latter stages, as it aids in the restoration of reactive strength and dynamic knee stability. A progressive framework is proposed, evolving from bilateral to unilateral workouts and from low- to high-intensity loading protocols (Buckthorpe, 2019). Some of the first plyometric exercises could be controlled bilateral jump-landing tasks that test how evenly the force is spread and how well the motions are done. When your tissue capacity goes up, activities that require you to jump and hop on one leg create more stress on that leg and make it hard to control the front plane. When you go from planned, controlled drills to activities that are not planned and are reactive, your neuromuscular system becomes even more responsive. This video depicts how mechanical forces are putting more and more stress on the knee joint. The idea is to help the athlete get back to being able to swiftly absorb and use force again when they play sports that are particularly strenuous.


Trunk alignment and frontal plane knee stability should be the main focuses of effective landing retraining since too much trunk movement and dynamic knee valgus have been linked to more strain on the ACL (Sugimoto et al., 2015). Training methods that encourage a neutral trunk alignment and landing methods that stress hip movement may lower knee abduction moments and increase force dissipation. Also, being tired is essential since it might make it difficult to control your muscles and nerves throughout long matches, which puts more stress on your medial knee and makes it more likely that you will be hurt again (Della Villa et al., 2020). 

When things are unpredictable, exercises that use perturbation and controlled contact simulations can help keep joints even more stable. In rugby union, players typically have to land on contested ground after aerial challenges, quickly change their body position, and deal with outside pressures when they strike their opponents. So, therapy needs to prepare the reconstructed knee for landing mechanics and other loads that aren't predicted. Athletes might do well in controlled tests, but if they don't slowly get used to demands that are reactive and based on contact, they might not be ready for the unpredictable nature of competitive rugby.

Return to play criteria and re-injury risk


The decision to return to play (RTP) after ACL reconstruction is no longer dependent solely on time; it now considers additional considerations. Going back to pivoting sports before nine months is a lot more likely to hurt your ACL again, according to the evidence. But the chance of being harmed again falls down if the return is put off longer than this (Grindem et al., 2016). Nonetheless, the mere elapse of time does not guarantee the restoration of neuromuscular function or sport-specific competencies. Biological grafts may heal prior to the restoration of strength, coordination, and reaction stability.

A limb symmetry index (LSI) of at least 90% is commonly employed as a criterion to evaluate an individual's readiness for strength and hop testing. Adhering to these criteria may minimise the likelihood of reinjury (Kyritsis et al., 2016), however symmetry has its constraints. After ACL surgery, bilateral neuromuscular issues may persist, indicating that athletes can maintain symmetry despite both limbs not functioning optimally (Dingenen and Gokeler, 2017). In addition, hop tests are normally done in controlled, non-fatigued conditions, which may not be like the quick pace of rugby. It could be easier to understand functional preparation if you think about absolute strength in relation to body mass.

It's also very crucial to get ready mentally. Changes in how people move and a higher risk of getting hurt again have been connected to fear of getting hurt again and not being sure of yourself (Webster and Feller, 2019). In rugby union, where players often cut and touch each other without warning, regular non-contact RTP batteries may not be enough to prepare them ready. Young athletes who go back to activities that require pivoting are at a high risk of getting ACL injuries again (Beischer et al., 2020). So, RTP judgements shouldn't just be focused on symmetry; they should also look at time, strength, mental health, and how much time the person has spent in sport-specific chaos.

Conclusion

After an ACL reconstruction in rugby union, late-stage rehabilitation must take into account the sport's high-intensity, multidirectional, and contact-driven requirements. It is important to get back the strength of the quadriceps, the ability to brake eccentrically, and the ability to generate reactive force so that you can withstand the slowing down and cutting loads that happen with frequent ACL injuries. A limb symmetry value of 90% or higher doesn't always signify that the person is entirely recovered. This is because even if the normal measures for returning to play are followed, there may still be bilateral neuromuscular impairments and mental health issues. It's hard to test rugby in a lab because it relies on collisions and is unpredictable. These tests don't always identify the proper fatigue and disturbance demands. So, when you're trying to figure out when they can play again, think about how long it's been since the surgery, how much stronger they are than their body weight, how well they can react and move their body in different ways, and how psychologically ready they are. To lower the risk of more injuries and make sure that players can safely return to competitive rugby union, a sport-specific, multimodal plan is needed.
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