Rehab - injury return to play
ACL injury in rugby

Introduction 
The anterior cruciate ligament (ACL) has a purpose to provide rotational stability to the knee joint in both the frontal and transverse planes. Ellman, Michael B., et al. (2015) stated that the statistics on ACL injuries ‘account for up to 64% of athletic knee injuries in cutting and pivoting sports’ making them one of the most common lower limb injuries within the sporting environment. 
[bookmark: _Int_8NOScanJ]There are three main types of mechanisms by which an anterior cruciate ligament (ACL) injury can be sustained.  Boden, B. P., et al. (2000) describes ‘when a person or object strikes the knee directly’ as direct contact injuries, commonly to happen within a game setting with contact of direct force being made to the limb likely from a tackle.  
Indirect contact is a second mechanism which causes a transfer of excessive forces through the knee.  Boden, B. P., et al. 2000 describes this style of mechanism as ‘a person or object strikes a part of the body other than the knee itself’ this could be from a forced blow to the thigh which then pushes the femur backwards to the tibia which can have a result in an ACL injury. 
When a deceleration or change in direction (pivot) force is applied to the knee is how Boden, B. P., et al. (2000) describes the last mechanism named as non-contact, this contact causes the tibia to be pushed backwards on the femur. This mechanism accounts for 60%–70% of ACL injuries making it the most common out of the three. 










Strength, hypertrophy and power-based prescriptions
Anterior cruciate ligament reconstruction is a common procedure performed after someone sustains an ACL rupture. This procedure is to help the individual to return to their previous life and activity levels due to creating a mechanically stable knee. After this reconstruction surgery has taken place, it is important for the patient to take part in a rehabilitation program to help with this return by creating a functionally stable knee. 
The use of rehabilitation programs is made for rebuilding muscle strength, reestablishing joint mobility and neuromuscular control, and to help patients within the return of their pre-injury activity levels. The main muscle groups around the knee joint and those that will primarily be targeted are the hamstrings, quads and gastrocnemius which all have an attachment point within the knee. Training these muscles to become bigger and stronger will allow for a reduction in stress on the anterior cruciate ligament due to the increased stability it provides which also allows for more control of knee movements during activities.
Hypertrophy has been defined by Bernárdez-Vázquez, Roberto, et al. (2022) as an increase in muscular size, being able to be achieved through exercise. Stimulating muscle hypertrophy and developing strength is primarily done by using resistance training. An increase in muscle mass is a highly sort after component within various sports due to its correlation with muscular strength. Damas, Felipe, et al (2017) has explained that muscle hypertrophy happens when ‘muscle protein synthesis exceeds muscle protein breakdown and results in positive net protein balance in cumulative periods’ being able to be achieved with both resistance training and protein ingestion. 
It is recommended by The American College of Sports Medicine (ACSM) that the volume and intensity a novice should be training at to have an increase within their muscle mass is 1−3 sets per exercise of 8−12 repetitions with 70−85% of one repetition maximum (1RM). However, for more advanced individuals who already take part in high loads of training this is said to be at 3−6 sets of 1−12 repetitions with 70−100% 1RM.
The description of the component of muscle power which can also be known as explosive resistance training has been said to be ‘a type of resistance training that involves performing concentric muscle actions as fast as possible’ (Bandeira-Guimarães, Marcelo, et al. 2023). This style of training is performed during the rehabilitation structure after strength has been regained due to the demands of this component containing strength to be able to fulfil it. 

Prescribing speed, repeated speed, acceleration, deceleration, change of direction and plyometric exercise

It was said by Nyland, John. (2010) that ‘Progressive plyometric training has a direct carryover to improved sprint and agility timing’ showing the effects of each stage of rehabilitation on the next and proving why it is important to fully allow for completion of each of these stages before progressing further. 
Interventions regarding change of direction training are performed to alter the biomechanical characteristics that have been associated with an increase of ACL loading. Speed and footwork drills that include a change of direction are modified to accommodate this ACL loading with also a combination of balance and core stability training. 
Within rugby union the use of change of direction when running is very common due to the layout and aim of the sport being to work around players and change the way you are running to do this in a very quick manner. This means the importance of regaining the ability to change direction following an ACL injury specifically within rugby is very high and the training for it needs to be done thoroughly to ensure that this skill is set back to their best ability and how they were prior to this injury. 
[bookmark: _Int_hE5Jk0pK]Proprioception training has been said to create a positive outcome within ‘joint position sense, muscle strength, experienced knee function, outcome of functional capacity, and return to full activity’ (Fitzgerald, G. K., et al. 2000). Even though proprioception specific training is performed at later stages of rehabilitation the use of proprioception actually starts early on post operative when the patient steps on the group without any aid. Thacker et al (2003) stated that ‘neuromuscular and proprioceptive training was an important factor in protection from knee injuries’ making it an important part in the rehab process allowing for a potential in reduce risk of reinjury within the ACL. 








Fall and landing retraining
Jumping and landing training can be categorized as plyometric training due to the power output created when performing these exercises. When retraining landing it should start off with both feet and then end again with both to minimize the load and strain on the injured limb. This can also be taken from a height on top of a box and landing onto the ground to increase the force of the landing. When progressing this exercise, it can be changed to starting on one leg and ending on two to add in a proprioceptive element and then a further progression of sticking with the one leg throughout the whole exercise. Adding in an unstable surface to land on like a foam pad or a crash mat will help to increase stability within the knee as well as the structures surrounding it to further progress the client within their rehabilitation plan. 


Return to play criteria and risk of re-injury

[bookmark: _Int_aQwuGtXp]In recent history what used to be time-based rehabilitation protocols has started to be replaced by criteria-based rehabilitation protocols. When making a decision regarding a player returning to sport it is said that they should include factors like ‘concomitant injuries, objective physical examination data, functional return-to-sport testing, psychological readiness, activity-specific demands, and consideration of biological tissue healing’ (Rothrauff, Benjamin B., et al. 2020). This means that these factors are explored and taken into consideration when determining if a player is fit to return to their sport.
[bookmark: _Int_WSaj1PMd]The use of a return to sport index (RSI) questionnaire uses three elements which are emotions, confidence in one’s performance, and evaluation of risk which have previously been correlated with the return to sport. This questionnaire explores the likeliness of a player returning back to their sport after an injury of some sort through a list of questions being answered in the form of a Likert scale with boxes ranging from 0 to 10 to be ticked. To study the scores the values of the 12 responses are added and turned into a percentage with then a higher percentage score meaning a positive psychological response and therefore making their chance of returning to play higher. 
When considering a rehabilitation plan studies have suggested that there are two approaches that could be taken, which includes a conservative approach, which is more traditional and usually aims for a return to sport after 9 to 12 months. Then the other is an accelerated approach, which aims to return patients to sport within 6 months. Studies have been reviewed containing the conservative approach and have been said to involve ‘longer immobilization of up to 6 to 8 weeks followed by a progression of weightbearing as tolerated’ (Waldron, Kristen, et al. 2022). Which shows consideration of the factors of tissue healing that then determines this return to sport timeline. 
The accelerated approach of rehabilitation program differs from the more traditional approach as it is said that this includes ‘early unrestricted motion, immediate weightbearing as tolerated, eliminating immobilizing braces’ (Waldron, Kristen, et al. 2022). With this it is shown to have some advantages such as a decrease in cost, earlier return to sport, and earlier recovery time within measures such as range of movement and muscular strength. 
Both approaches to rehabilitation programs have the same aims and end goal which are found to include ‘restore prior level of function, strength, ROM, proprioception, neuromuscular control, and joint stability (Waldron, Kristen, et al. 2022). However within a trial completed by Beynnon, Bruce D., et al. (2011) after a two year follow up it has been shown that there was no significant difference between the conservative and accelerated rehabilitation when looking at an increase of knee laxity in anterior, posterior, and coupled rotation showing that this immediate weightbearing and movement is a safe approach. 
When comparing the two approaches of rehabilitation De Carlo, Mark S., et al. (1992) had demonstrated that ‘patients who started weight bearing or gained ROM earlier than advised had stronger, more functional knees at the completion of rehabilitation.’ favoring the idea of the accelerated approach towards ACL rehabilitation and implying that this may be a more successful approach for these specific goals. 
When focusing on the healing aspect while taking into account a person's emotional health during this time it is said that by following the accelerated approach it has had a decreased effect on ‘disability, depression, and pain; increased functionality; and improved quality of life.’ which could be seen to be due to the more limited time that a person is injured and not fully functional, which is shown to have a negative impact on a person's physical as well as mental health. 






Models of sports injury prevention

It is said that ACL injury prevention programs aren't individualized towards players specific deficiencies and generally applied to entire teams with them entailing ‘a combination of plyometrics, strength training, agility and balance exercises’ (Agel, Julie, et al. 2016). Hewett et al. (2005) describes these prevention programs to include a focus on lower extremity alignment by including ‘practicing pre-planned motor skills in a predictable environment’.  
During non-contact ACL injuries specifically with change of direction it is said that to potentially reduce the risk of these injuries ‘modify an athlete’s movement mechanics by addressing biomechanical and neuromuscular deficits’ (Dos’Santos, Thomas, et al. 2019) is an effective strategy.  training interventions consisting of biomechanical and neuromuscular can help to reduce the magnitude of knee joint loading. 



Physiological demands of individual and team sports

[bookmark: _Int_DVKVMdBq]Within the sport of rugby union high demand and load is constantly put onto the body mainly through the lower extremities due to the high intensity of the sport. This means players within this sport need to have maximal stability and strength to be able to play at their full potential and minimize the risk of them sustaining an injury. When a player is compromised with an ACL injury it is important that they thoroughly follow their specific rehabilitation plan without rushing through it to avoid the risk of a reinjury. 
[bookmark: _Int_Fo8WYXeO][bookmark: _Int_9P0TJGTm]Throughout an ACL rehabilitation plan they experience working on building both strength and stability which are main components needed within rugby. This is due to the constant change of direction being made when in a game and also the constant force the individual is placing onto the knee through all the phases played when pushing against the ground for example within a scrum, ruck, maul, lineout and overall when running in between. 



The demands placed upon the tissue 

The anterior cruciate ligaments' main task is to stabilize the knee joint especially during pivoting or cutting movements which causes rotation. This places a big demand within this joint due to the constant need for stabilization during everyday activities and even more within a sport setting. It is important to strengthen the muscles and structures around this joint to allow for support within doing this lessening the load constantly placed on the ACL allowing for a reduced risk of injury on the ligament. 


Prerequisites to progressing through the rehabilitation stages

Prerequisites are what a client or player needs to achieve within a rehabilitation plan before moving onto the next stage and getting closer to returning to play. When doing this the non-injured limb is usually used as a reference point and a target for the injured limb to aim towards. Another way this can be done is through baseline tests the individual may have from before their injury. Throughout their rehab they will be tested on different components including muscular strength and power, balance and range of motion with the results of this being compared with their baseline results to ensure they are aiming towards their goal of returning to how they functioned prior to their injury. 
This is the most reliable way to ensure a return to the individual ‘normal’ functioning as the results of this are recorded and therefore can be used as this target. Comparison to the non-injured limb can be used if there are no baseline scores available. However, when taking into consideration dominant and non-dominant limbs the results won't be completely accurate. For example, if a person has injured their dominant limb, comparing it to their non-dominant limb will be slightly different due to the possibility of it not being as strong or powerful as what the injured limb originally was before. 
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