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Ligament Tissue
[bookmark: _Hlk68703131][bookmark: _Hlk68783723]Ligaments are formed of dense bands of fibrous connective tissue and connect to two or more bones as their main purpose. These tissues are an integral part of the joints as they allow them to function in the way they do by maintaining stability and mobility throughout the body structure (Woo, Smith, Livesay and Blomstrom, 1993). Their appearance may change when looking at different types of ligaments as they have different shapes, sizes and can be located in many different areas of the musculoskeletal system such as the knee, elbow, foot, shoulder etc (Woo, Smith, Livesay and Blomstrom, 1993).  When looking deep into ligaments it would seem that they are very complex structures as they are composed of cells called fibroblasts, which are responsible for matrix synthesis (Frank, 1996). There aren’t many fibroblast present in the ligament as they only represent a small percentage of the total ligament volume (Frank, 1996). The main solid component of ligaments is collagen, which is accounted for by 85% of collagen to be type 1 (Frank, 1996). The rest is made up of types III, VI, V, XI and XIV. Other ligament functions include helping to provide joint homeostasis and playing a vital role in joint proprioception (Frank, 1996). 
Ligaments are one of the most injured general tissues that occur while doing practical activities. Ligament injuries can cause disruption and damage to other structures around the body and will not allow the body to function correctly. When doing physical activities ligaments can be exposed to heavy loads for long periods of time, which make them increase in mass and stiffness in order to continue carrying that load (Hauser and Dolan, 2011). However, when there is an overload and there are tensions that are greater than the ligament can handle, the structure fails and can result in it being partially or fully injured. This can lead to many issues around the body and result in needing treatment to that area (Hauser and Dolan, 2011).  When joints are met by shear forces, ligaments are the tissues that give a passive restraint so they can withstand these forces. This means when ligaments get injured, they won’t be able to help our body resisting these forces and will cause pain and reduced movement in that area when doing a movement (Karunaratne, Li and Bull, 2018). 
A failure of the ligament tissue mostly occurs when carrying heavy loads which can be classed as partial ligament tears. Although this causes permanent change in the structure and function of the tissue, it does not completely lose all function. When talking about these ligaments we must speak about the stress and strain rates that are apparent when looking at this tissue (Karunaratne, Li and Bull, 2018).  The general stress-strain behaviour of a ligament would be shown as non-linear, as seen in Fig. 1. From this diagram it would show us that there is large strain when met with a small increase in load at the initial segments of the curve (Solomonow, 2004). It would also seem that once the waves in the collagen fibres of the ligament have been straightened out there would be an additional increase in strain and is accompanied with a fast increase in tension. From this we see that in ligaments when a constant load is applied to a ligament, it first elongates to a given length. If left at the same constant load, it will continue to elongate over time (Solomonow, 2004).
[bookmark: _Hlk56619927][bookmark: _Hlk68783124]There are many types of injuries that can occur within the ligament ranging from mild injuries which involves only a small amount of tearing to fibres to a complete tearing of the ligament (Brukner and Karim Khan, 2007, pp.11–12).
[bookmark: _Hlk68783027]One type of injury that can occur from this could be a sprain, which is classified as an acute injury. The severity of the strain can be detected by clinical examination such as tests on the ligament or imaging such as a scan to the injured area (Provenzano et al., 2002). Ligament injuries are divided into grades once occurred to make out the different type of treatment they will need. Grade I sprains show some stretched fibres, but generally after clinical testing it shows that patients will have a normal range of motion on stressing the ligament (Brukner and Karim Khan, 2007, pp.11–12). A grade II sprain would show a big amount of the fibres being stretched, and would involve stressing the ligament which would show an increased joint laxity but a definite end point (Brukner and Karim Khan, 2007, pp.11–12). However, when looking at grade three strains it is apparent that there is almost a full tear of fibres in the ligament and will have a significant amount of joint laxity. This means that there is a severe failure in the ligament and will need serious treatment for it to heal (Provenzano et al., 2002). 
After ligaments have been damaged there must be a process to heal the tissue back to its normal state. When going through the healing process there needs to be full restoration of the joint-stabilising properties of each ligament and the four aspects of ligament mechanical function (Frank, 1996). These are laxity, stiffness, strength, and viscoelasticity. These aspects show the outcome of the healing process and measures the success of the heal (Frank, 1996).  Laxity is the displacement of the bones to which a ligament is attached from an anatomic position to a position in which the ligament takes up a tensile load (Frank, 1996). Laxity allows the body to function the position of our joints and control the direction of the load we are subjected to. Stiffness is how much load is required to unsettle the bones where a ligament is attached in a certain direction (Frank, 1996). If there is a heavy amount of load, then this means that the ligament complex will appear to be stiffer. The strength refers to how much bone-ligament-bone complex can handle from a tend=sile load until it fails. Finally, viscoelasticity is the ability of tissues to alter the length or load when subjected to repetitive loads over time (Frank, 1996).
[bookmark: _Hlk56441604]During the healing process of this tissue, it goes through three consecutive stages. These are the acute inflammatory phase, a regenerative phase, and a tissue remodelling phase (Woo, Vogrin and Abramowitch, 2000). Depending on the type of injury and area, these three stages can have different time frames and can take months to fully heal the tissue. During the first 48 – 72 hours straight after an injury, this is where the acute inflammatory phase occurs (Woo, Vogrin and Abramowitch, 2000). During this phase is where blood clots start to form at the damaged tissue which is done by platelet cells which are the main component involved in that process. These clots then release growth factors such as Platelet-Derived Growth Factor, Transforming Growth Factor-B, Vascular Endothelial Growth Factor and Fibroblast Growth Factor (Woo, Vogrin and Abramowitch, 2000).
Growth factors are small polypeptides that bind to particular receptors that are located on the surfaces of cells (Woo, Vogrin and Abramowitch, 2000). These growth factors activate pathways for complex intracellular signal transduction. These growth factors are all important for this process as they all have specific roles (Hauser and Dolan, 2011). For example, the Platelet-Derived Growth Factor and Transforming Growth Factor-B are functioned to attract cells from the immune system to stimulate the inured area (Hauser and Dolan, 2011). The Vascular Endothelial Growth Factor helps create new blood vessels which improves vascularity in injured areas. Then the Fibroblast Growth Factor is important for growing the cells that form collagen and cartilage. The repair phase can take several weeks to work depending on the severity of the injury (Hauser and Dolan, 2011). 
In the repair phase growth factors and cytokines are released, which then allows the rebuild of the ligament tissue matrix. During the next few weeks of this phase the tissue matrix get deposited many types of collagen, proteoglycans, glycoproteins, and other proteins by the fibroblast (Hauser and Dolan, 2011).  Collagen fibrils that are newly formed are seen to be a lot different to normal ligament tissue as they are smaller in diameter and quite abnormal. After the few week of this phase, it gets to the final phase which is the remodelling phase (Hauser and Dolan, 2011). This phase of ligament repair can last up to many months to a year depending on the injury. During this phase, the new tissue matrix starts to remodel into the normal ligament tissue, but there are still a few differences in things such as structure and function (Hauser and Dolan, 2011). 
The collagen types return to normal distribution with an increase in type 1 and most of the minor collagen types, which are type III, V and VI, decreasing. About 12 months after the injury is where we see improvements in structural strength and stiffness and stress and tissue quality (Hildebrand and Frank, 1998). 
[bookmark: _Hlk56620112]During the healing stage it is seen that controlled movement can be helpful in gaining strength and force intolerance back in that tissue. It has been shown that movement can stimulate collagen synthesis and certain aspects of matrix remodelling and to produce scars of slightly better quality compared with those produced with immobilisation (Frank, 1996). Scar mass is the main improvement that movement can make as it can stimulate the production of any increase in the scar, which can increase the amount of material to resist the tensile stresses involved (Frank, 1996).
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Figure. 1:  The length–tension behaviour of a ligament is shown on the right. On the left, the progressive recruitment of collagen fibres is shown for several elongations (Solomonow, 2004).
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