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Tissues and Issues 

Introduction to General Tissue  
The musculoskeletal system compromises one of the major tissue/organ systems of the body and refers to the skeleton of the body, including the bones, tendons, joints, and muscles that make up the musculoskeletal system (Musculoskeletal, 2021). The term musculoskeletal is defined through its three main types of muscular tissue groups: skeletal, cardiac, and smooth muscle (Body, 2021). These muscle groups work to control the entire movement of the body. In a simplistic way, the/a skeletal muscle is composed of two main components, the myofibers and the connective tissues. The myofibers are responsible for the contractile function of the skeletal muscle through the innervating nerves compared to the connective tissue that binds the muscle cells together during contractile movements/muscle contraction (Tidball and Daniel 1986). From person to person, the length and width/diameter of the ribbon-like myofibers vary from a few millimetres in length up to 50cm and between 15-20mm in diameter/width (Tidball and Daniel 1986). Every individual myofiber is connected to both ends of the myotendinous-junction (MTJ) through the tendon-like fascia connective tissue (Tidball and Daniel 1986). The myofibers attachment the to the tendons at the muscle, must be able to withstand a considerable amount of force in both daily lifestyle and living as well as through sporting activities, which can sometimes be up to 1000kg at maximal workload capacity (Tidball, 1991). A muscle injury can occur at three places in the muscle, the bone-tendon junctions, the muscle belly and most known at the myotendinous junction (MTJ) (Garrett et al., 1988). 

Tissue Failure
[bookmark: _Hlk69660740]When looking predominantly at skeletal muscle injuries in sporting activities, muscle injuries make up between 10-55% of all the injuries that occur during these activities (Kaarianien et al., 2000). The most frequent and common skeletal muscle injuries in sporting activities are classified in three ways; contusions, strains, or lacerations (Huard, Li and Fu, 2002). Contusions and strains are mechanical in origin that when damaged cause myofiber necrosis and inflammation that accounts for almost 90% of muscle specific injuries in sport (Jarvinen et al., 2000). A contusion injury to the muscle occurs when the muscle is subjected to a heavy compressive force that is sudden in onset and typically derives from a contact sport where a big direct contact force if made onto the muscle belly itself (Crisco et al., 1994). A muscle strain results from an excessive tensile force being produced through the muscle leading to an overstraining of the myofibers which consequently causes a strain near to the MTJ (Crisco et al., 1994). A direct blow to a relaxed muscle will cause a deep contusion, whereas a contracted muscle will be more likely to cause a superficial contusion (Jarvinen et al., 200). This is one of the reasons that players are told to brace for impact, so that if they are ever to become injured with a contusion, if they braced, they would have a contracted muscle resulting in only a superficial contusion. 
The theory that explains the basic mechanism in which a muscle fibre generates force is known as the sliding filament theory which was firstly suggested in 1954 (Brooks et al., 1995). With some modification it provides a widely accepted explanation into the generation of force produced within a muscle fibre (Brooks et al., 1995). The force generated is transmitted longitudinally and laterally within the fibre which results in movement being produced when the force reaches the myotendinous junction (MTJ), through to the tendons and the joints (Huxley and Niedergerke, 1954).

TISSUE HEALING
Immediately after a skeletal muscle becomes injured, a hematoma forms between the gaps of the ruptured myofibers and within the first day of injury, inflammatory cells invade the hematoma to disperse/dispose of the blood clot that was formed (Cannon and St. Pierre, 1998). The connective tissue scar that is produced is the weakest point at the injury site of the skeletal muscle at the earliest stage after trauma (Karianen et al., 1998). However, due to the production of type I collagen, the tensile strength of the muscle becomes increased during the healing process (Kaarianen et al., 1998). At roughly 10 days after the healing process has begun, the newly formed connective tissue scar is no longer the weakest point of the injury site and if the muscle is loaded to failure a rupture will occur at the adjacent MTJ to the connective tissue scar formed (Jarvinen, 1975). A skeletal muscle can heal through a repair process where a scar forms in place of the original tissue, however it is not the only recognised theory of how muscle heals as discussed further in this piece. There are three phases that an injured muscle follows during the healing process (Kalimo et al., 1997). These three phases start with the destruction phase, this is where the hematoma forms between ruptured muscle stumps causing an inflammatory cell reaction to kick in and start. The second phase is the repair phase which produces the connective scar tissue and provides the reproduction of myofibers. Finally, the third phase, the remodelling phase, allows the functional capacity of the muscle to reoccur. The second and third phases work together during the healing process as they both allow or scar tissue formation and remodelling of scar tissue (Kalimo et al., 1997).
Many years of research has shown that the way in the muscle heals has a wide variety of processes, from necrosis/degeneration, inflammation, repair, and scar tissue formation are all interrelated and vary through time dependency (Crisco et al., 1994). Mechanical trauma destroys the integrity of the myofiber plasma membrane and the basal lamina which leads to a rapid occurrence of local swelling and haematoma formation aiding the muscle degeneration (Kasemkijwattana et al., 1998).  The importance of the release of growth factors such an insulin-like growth factor regulates the differentiation to promote muscle generation and repair (Kasemkijwattana et al., 2000).  The formation of fibrosis (scar tissue) begins between the second and third week after injury where the formation of a scar is determined to be the product of the muscle repair process (Kasemkijwattana et al., 2000).  However, this paper looks at the possibility that if a scar is formed, the complete regeneration of muscle tissue cannot occur (Kasemkijwattana et al., 2000). Growth factors stimulate growth and protein secretion in many musculoskeletal cells such as the insulin-like growth factor-1 (IGF-1) which is potent in displaying stimulating effects on satellite cell proliferation (Allen and Boxhorn, 1989). IGF-1 has a highly mitogenic rate for myoblasts (Damon et al., 1998) which also appears to be critical in the growth of skeletal muscle (Florini et al, 1996).  However, the IGF-1 is a potent growth factor for fibroblasts as it can increase the production of matrix components such as collagen and decrease the production of matrix components such as collagenase which can result in the production of fibrosis post muscle injury (Jones and Clemmons, 1995). 
In the early 2000’s there came a belief that there was a substantial reasoning behind healthy tissues having the ability to repair itself, which is what is now called muscle regeneration. There are satellite cells, which were firstly named after their anatomical positioning of being between the sarcolemma and the basal lamina in each muscle, that are believed to have fused with the adjacent myofibers to repair and regenerate tissue (Mauro 1961). 
Muscles that origin and insertion lay across two joints are most injured and have a proclivity to become more injured due to their restriction of range of movement at the joint. These muscles are then injured through an eccentric loading mechanism where the muscle is at its most lengthened position, for example, during a heel strike of a running movement (Noonan and Garrett, 1999).

Return to Sport/Play Criteria 
Players following a return to play (RTP) programme post muscle injury show an elevated risk of reinjury occurrence with the highest rate of muscle injury recurrence happening within the first week of RTP (Erickson and Sherry, 2017). Alongside the recurrence of injury at the same site as the last injury within the first week of RTP, there is also the chance that a new injury could be sustained elsewhere because of a weakness sustained by the first injury (Colby et al., 2017). 
Commonly used rehabilitation programmes for muscle injuries may be inadequate at working to resolve muscle weakness, the reduced tissue extensibility and/or potentially the altered movement patterns that can be associated with the injury (Heiderscheit et al., 2010).  The risk of reinjury can be minimised through a specially designed rehabilitation programme that incorporates neuromuscular control exercises as well as the mounting evidence that suggests working eccentrically in strength training combined with objective markers to assess muscular behaviour and reaction aids the recovery and the readiness to return to sport/play (Heiderscheit et al., 2010). The primary objective when returning any player to sport is to return at the prior level with minimal risk of injury recurrence (Heiderscheit et al., 2010). Scar tissue is stiffer than the contractile tissue it replaces, meaning there is a potential to alter the mechanical environment of the muscle fibres (Heiderscheit et al., 2010). When looking at healthy tissue eccentric strength training has shown a shift in peak force development to the longer muscle tendon lengths (Brockett et al., 2001). So therefore, eccentric exercises may provide effective optimum restoration of the muscle tendon lengths and provide a reduced risk of reinjury (Heiderscheit et al., 2010). The rehabilitation programme will always suit and meet an individual needs so in normal circumstances they are split into different phases and sections to track progress in a steady and controlled developmental way. The first phase will always look to minimise and control pain whilst protecting the scar tissue in the very early stages, potentially between days 1 and 5 post injury (Järvinen et al., 2007). 
When an athlete is looking to graduate from rehabilitation, they should be able to perform all activities in a pain free range (without pain all together during the actions and in a full range) without stiffness (Heiderscheit et al., 2010).  When looking at strength it is recommended that the athlete be able to perform a number (four as an objective marker) of consecutive pain free maximal effort exercises and there should be a 5% or less bilateral difference between eccentric and concentric isokinetic exercises performed (Heiderscheit et al., 2010). However, this criterion can be listed as too vague suggesting that pain and stiffness can disappear after 1-2 weeks of injury whereas the recurrence rate for injury is much higher and therefore rehabilitation programmes are lengthy in duration depending on grade and severity of injury (Connell et al., 2004). 
Conclusion
Muscle injuries account for a vast majority of sport injuries, whether through contusion, sprain, or laceration. The one statement repeated throughout majority of these studies is that there should be a major emphasis on neuromuscular controlled exercises and eccentrically strengthening and loading exercises are two key factors in optimal return to play and in the reduction of re-injury (Heiderscheit et al., 2010).  
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