ACL tear in rugby
This essay will focus on the return to play criteria and reduction strategies for ACL tears as it is a very common injury in the world of sports as “ACL tears account for as much as 50% of all knee injuries” (Flagg, Karavatas, Thompson Jr et al. 2019). After an ACL tear, rehabilitation is extremely important so that the individual can return to their sport and lower the risk of a potential re-injury. The most prevalent time frame for an individual to return to play after an ACL tear is about 6- 12 months but this can change depending on the individual (Flagg, Karavatas, Thompson Jr et al. 2019). More specifically, this essay will focus on ACL tears and rugby players as it’s found that ACL injuries in rugby is one of the most severe injuries for forwards and backs and along with MCL injuries is the reason for the greatest absence for forwards and backs in rugby (Brazier, Antrobus, Stebbings et al. 2019).
Strength, hypertrophy and power based prescriptions-
For athletes to be able to return to sport they must be able to perform maximal strength training as after an injury players present strength deficiency which affects their physical function, therefore the athletes are unable to return to their full potential and performance (Maestroni, 2023). After an ACL injury the strength of the knee flexors and extensor are weak therefore these should be targeted during rehabilitation but the individual should gradually advance to heavier loads in a periodized manner (Maestroni, Read, Bishop et al. 2019). Its stated by Maestroni, Read, Bishop et al. (2019) “maximal strength training should involve a load (or intensity) of 80–100% of the participant’s one-repetition maximum (1-RM), utilising approximately 1–6 repetitions, across 3–5 sets, with rest periods of 3–5 min and a frequency of 2–3 times per week”. To improve the muscle hypertrophy lost after the injury, isometric strength training at high volumes and at long muscle lengths are an excellent way to increase hypertrophy and can be done by using the leg extension machine to target the quadriceps, “80% of the MVIC, and holding for 45 s for 5 sets, with 1 min between sets” (Maestroni, Read, Bishop et al. 2019).  Power training during rehabilitation is important therefore it’s essential that it is incorporated into the rehabilitation programme. Jumping for example in a squat jump form but ensuring they perform a maximal jump to ensure maximal power output with 5- 8 repetitions and ensure they are explosive movements. The athlete can also do hop exercises and progress this to single-leg and box jumps (Herrington, Myer and Horsley, 2013). Additionally, as stated by Buckthorpe (2019) “exposing players to fatigue during the rehabilitation period may also better prepare them to tolerate excessive training demands and limit strength loss associated with sporting activity upon RTS”.
Prescribing speed, repeated speed, acceleration, deceleration, change of direction and plyometric exercise- 
During rehabilitation it is important to incorporate acceleration, deceleration and change of direction because it happens multiple times during a game of rugby, therefore players must be able to withstand this demand and minimise risk of re-injuring. During change of direction the individual must ensure correct technique, “Minimizing knee valgus and knee abduction moments during change-of-direction maneuvers may also reduce ACL injury risk without affecting performance” (Fox, 2018). When incorporating change of direction in running, this can be progressed on to unanticipated change of direction from anticipated. This could be from the coach or therapist verbalising when to change (Faltus, Criss and Grooms, 2020). Or the athlete can move to one cone to another placed in a scatter position (Musahl, Engler, Nazzal et al. 2021). Shuttle runs are a great way to incorporate acceleration and deceleration forces that are common in rugby (Marques, Paul, Graham-Smith et al. 2019). Altering speed and direction while running can also be done on an unstable surface and can progress the rehabilitation process (Ahmad, 2016). As stated by Al Attar, Bakhsh, Khaledi et al. (2022) “Plyometric exercises comprise a very popular form of physical intervention that involve performing loaded jumping-type exercises using the stretch-shortening cycle muscle action”. Plyometrics should be included 2 to 3 times a week and should include exercises like vertical, lateral and box jumps (Al Attar, Bakhsh, Khaledi et al. 2022). With plyometric training the athlete can jump and land while reaching for a cone for example (Faltus, Criss and Grooms, 2020)
Return to sprinting-
Return to sprinting is a very important factor when returning to playing rugby as throughout the game “Forwards sprint an average distance of 8.0 meters for an average duration of 1.1 seconds while backs sprint an average distance of 13.8 meters for an average duration of 1.8 seconds” (Sclafani and Davis, 2016). Additionally, it was found that rugby players with slower sprint times were 10 times more likely to experience a lower body injury (Golberg, Sommerfeldt, Pinkoski et al. 2023). Before the athlete can sprint, they must be able to run which means they must have full range of movement, pain of 2 or less and adequate lower limb strength as well as completing a few functional tests (Rambaud, Ardern, Thoreux et al. 2018). As stated by Welling and Frik (2022) “sprints tend to be relatively short and rely on the ability to accelerate quickly and change direction”. They also stated that repeated sprint performance during rehabilitation is essential for return to play. Rambaud, Ardern, Thoreux et al. (2018) stated that a return to running should be done with progression of duration and intensity at an adequate time.

Fall and landing retraining-
Fall and landing retraining is very important in the rehabilitation for return to play because “Poor landing technique, characterized by low trunk, hip, and knee flexion angles has also been identified as a significant risk factor for ACL injury” (Green, 2015). For athletes there needs to be a progressive training program where they should begin with squat jumps and ensure that alignment and technique is good before moving forward to training correlating with the nature of play of rugby, for example, begin   by starting on a box and having another individual throw or kick a ball and the individual must leap off the box and catch the ball and land on the ground safely which relates to catching a high ball in rugby. During landing retraining, the athlete must ensure that they do not limit trunk flexion or increase trunk lateral bending towards the leg that is injured as this can put the ACL under strain (Song, Li, Hughes et al. 2021). Tackling is a big part of rugby, therefore after an injury players must be able to handle being tackled and tackle and the impact and fall from this. Grappling drills are good ways to start and this can progress from a tall kneeling position to a standing position with intensity increasing with an addition of running or changing direction. The player should progress  onto drills on the field therefore a harder surface (Sclafani and Davis, 2016).

Return to play criteria and risk of re-injury-
Specifically, in rugby for the player to be able to return to play safely after an ACL tear they must meet the return to play criteria which means they must have full knee range of movement, unilateral balance and strength normality, be able to participate in advanced strength training, must have at least 90% single leg stability when compared to the uninjured side, demonstrated positive plyometrics and agility training and have completed specific skills and drills for their position (Sclafani and Davis, 2016).  By ensuring all players returning from an ACL tear follow the return to play criteria it will ensure that the factors that can cause a re-injury which are “increased knee valgus, asymmetry in knee extensor moment during initial contact, poor single limb postural stability, and decreased contralateral hip rotation strength” (Sclafani and Davis, 2016) are avoided. Unfortunately, it’s stated by Takazawa, Nagayama, Ikeda et al. (2015) “despite the high percentage of players returning to competitive play after an ACL reconstruction, high rates of second knee injuries have been reported” and that younger players seem to be more at risk of re-injuring due to their high activity level. With rugby players and in general other athletes there are multiple functional-performance factors that are associated with a potential increase in risk of re-injuring and these include “lower extremity (LE) or core muscle strength deficits, lack of muscle preactivity during side-cutting, LE asymmetries in jump distance or speed, lack of balance and joint laxity” as stated by Schweizer, Strutzenberger, Franchi et al. (2022) and “greater relative knee abduction angles during various dynamic movement tasks were revealed to be associated with a higher risk of injury” (Schweizer, Strutzenberger, Franchi et al. 2022). After an individual has sustained an ACL tear and has followed and completed their rehabilitation journey and is therefore ready to return to rugby many players have a fear of re-injuring when first returning to play rugby and that being tackled was the main cause of the fear (Takazawa, Nagayama, Ikeda et al. 2015). This suggests that players should ensure that they are physically ready to return so that they don't have any psychological blocks which could push back their return to play time and that programs should also focus on collision handling skills which are specific to rugby.

Models of sports injury prevention-
It’s stated by Brazier, Antrobus, Stebbings et al. (2019) that the four-step model for injury prevention within sport include “identifying the extent of the sports injury problem, (ii) identifying the characteristics and mechanisms that contribute to the development of injury, (iii) introducing measures to reduce future risk and/or severity of injury, (iv) an evaluation of those measures by repeating the first step”. This therefore allows therapists to identify any high risks and if need set in motion any strategies to lower the risk. Additionally, any changes in risk can be identified and the effectiveness of the intervention can be monitored. This model was design by van Mechelen et al.

Screening and injury reduction strategies-
“The purpose of screening is to identify athletes ‘at-risk’ of injury in order to intervene with the aim of reducing the injury risk” (Weir, 2021). There are a few screening tests that can be conducted on athletes who have suffered from an ACL tear. Some of these tests are balance and postural control, gait and running related tests, joint laxity, joint morphology and anthropometrics, jump tests and strength tests. These tests can identify if an athlete is at risk of a potential ACL re injury because there is a relationship between ACL reinjury and balance and postural control metrics, ACL reinjury and anterior knee stiffness, ACL reinjury and decreased femoral notch, ACL reinjury and dynamic knee valgus during vertical jump and ACL reinjury and decrease in quadriceps and hamstring strength (Schweizer, Strutzenberger, Franchi et al. 2022). There are strategies that players can incorporate to reduce the risk of receiving an ACL tear. The player can alter their technique, increase the strength of the surrounding structures of the knee and enhance perceptual mechanisms (Weir, 2021).  It's possible for the individual to decrease external load by correcting trunk posture as “trunk postures that are laterally flexed and rotated away from the intended direction of travel and over the stance limb” (Weir, 2021) have been found to increase the chance of an ACL injury. Athletes can also improve reaction strategies as stated by Weir (2021) this will “enable sufficient planning time to both coordinate movement and desirable muscle activation strategies”. This will be beneficial to rugby players, as during the game, players are always processing proprioceptive information about where their opponents, teammates and ball are. Research has shown that during unexpected sidestepping valgus knee movement almost doubles compared to expected side stepping (Weir, 2021) which therefore puts them at a higher risk of injury.

Physiological demands of individual and team sports-
Rugby is a very physical sport which means there are high physiological demands for the players. This highlights the importance that when returning to play, players must be at their best possible physical and mental state to possibly play 80 minutes of a game. There are some differences in physiological demands of forwards and back players but in general as Glassbrook, Doyle, Alderson et al. (2019) states that rugby “is a collision sport, where players are expected to be physically competent in a range of areas, including aerobic fitness, strength, speed and power”. Collisions and tackles are a fundamental part of a game of rugby and therefore is a cause of risk of injury to the players, “injury risk is greater for ball carriers than tacklers and when being tackled by 2 or more opponents is associated with increased risk of injury” (Brazier, Antrobus, Stebbings et al. 2020). The varied demands of the sport which includes intense physical activities such as tackling, sprinting and passing combined with rucks, scrums and mauls highlights the need for a well developed maximal aerobic and anaerobic power, muscular strength, agility and speed within a player to counteract the immense pressure the body is put under (Brazier, Antrobus, Stebbings et al. 2020).

The demands placed upon the tissue-
Rugby is a contact sport which means the whole body is placed under huge demand and the risk of injury is high. The ligaments of the knee like the ACL during tackles, especially if these tackles are placed below the waist, can go into possible hyperextension or a valgus force could be placed which puts the tissue at risk of an injury. In rucks, the ligaments of the lower extremities are placed under pressure and are at risk, as during the rucks players fall onto the opponents or even their teammates legs which can stretch the ligaments (Patel, Wetzler, Bennett et al. 2022). Although contact is a big part of rugby, non-contact actions can put the ligament under strain, as Donelon, Dos’Santos, Pitchers et al. (2020) states “cutting actions are associated with non-contact ACL injuries in multidirectional sports due to the propensity to generate large multiplanar knee joint loads (KJLs) that have the capacity to increase ACL loading and strain”. Additionally, decelerations, landing and changing directions during the game while attacking or defending puts a high demand on the ACL ligament that again increases the risk of tearing (Donelon, Dos’Santos, Pitchers et al. 2020) which is why rehabilitating surrounding structures can decrease the risk of injury whilst the tissue is under strain/ demand.

Prerequisits to progressing through the rehabilitation stages-
To ensure rehabilitation is done safely and effectively, the athlete must only move on to the next stage when they are physically ready and meet the criteria. After the initial phase of rest and ‘RICE’ the individual must have minimal joint infusion, full passive knee extension, quadriceps control, good patellar mobility and passive ROM 0-90 degrees. For the next phase the individual must have active ROM 0-115 degrees, no joint line pain, minimal to no joint effusion and quadriceps strength 60% or above of contralateral side. Next, to move on they must have no pain or effusion, AROM 0-125 degrees, negative lachman test, quadriceps strength of 80% or more contralateral side, equal hamstring strength and single leg hop test 80% or more of contralateral side. Finally, when athletes are ready to return to their sport they must have full AROM, quadricep atrophy of less than 2cm, quadriceps strengthening 85% or more than contralateral side, hamstring 100% than contralateral side, single leg press 90% or more than normal and functional tests 85% or more of contralateral side (Ellman, Sherman, Forsythe et al. 2015).

To conclude, rugby players who have sustained an ACL tear must ensure that they complete the whole rehabilitation process and meet the correct criteria to return to play. This will decrease the risk of re-injuring and ensure they are back to their best possible performance as rugby is a very physical game that pose many risks.
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