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A tendon plays an important role in the musculoskeletal biomechanics because it connects the muscle to the bone. A tendon is an intricately organised connective tissue which transfers the force produced by the muscle to the skeleton. A tendon is located between muscle and bone, they are a bright white colour. A Tendon is  type I collagen, making 60-85% of  dry mass, tenocytes and tenoblasts make up 90-95% of the extracellular matrix (ECM) (Kannus, Jozsa and Jarvinnen, 2000). Most muscle has two tendons: one distal, known as the insertion,  and one proximal, known as the origin, however some attach directly to fascia or aponeurosis. The tendon attaches to the muscle at the musculotendinous junction (MTJ) and to the bone at the osteotendinous junction (OTJ). The tendon transmits force generated by the muscle to elicit movement. A tendon consists of many components which facilitate the viscoelastic functions include tenocytes, tenoblasts these are composed of glycoproteins, , glycosaminoglycans (GAG), proteoglycans and many other small molecules (Kannus, Jozsa and Jarvinnen, 2000; Sharma and Maffulli, 2006; Rigozzi et al., 2013). Tendons take different shape and sizes depending on the role of the muscle. A muscle generating greater force and power will see a shorter and wider tendon. Those that perform finer, delicate movements appear long and thin (Benjamin, et al., 2008). The basic functions of a tendon are to carry tensile forces from muscles to bone, compressive force is carried when wrapped around a bone (Kuhn et al., 1989).  Tendons withstand a variety of different loads. Tenocytes are responsible for the tendon homeostasis, these react when a mechanical load is applied to the tendon because they are mechanosensitive cells, these help to detect when a change of load occurs ( Galloway et al., 2013). When an appropriate load is applied, they respond favourably, they are negatively affected when exposed to an abnormal load. 
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Description automatically generated]Figure 1 an illustration of a stress-strain curve for a tendon. I: toe region, II: linear region, III microscopic failure, III yield and failure region (Maganaris, Narici and Maffulli, 2008). 


A tendon will play a significant role in the musculoskeletal biomechanics because they connect muscle to bone, this show that these are a connective tissue that transmits a mechanical force from a muscular contraction to a bone where it attaches to. Tendon can tolerate several forces which produces stress on the tendon, these are tensile stress, compressive stress and shear force. These all cause strain to the tendon, which results to the deformation of the tissue when stress is applied (figure 1) (Sharma and Maffulli., 2006). A tendon works elastically, this allows them to return to the original length after the stress has been unloaded from the tendon (Sharma and Maffulli., 2006). Tendons generally tolerate tensile force that have been produced by the contractile properties from the muscles (Wall and Banes, 2005). A sport or activity that involves speed, changing direction or jumping, will result in placing a high tensile load on the tendons and will make them more vulnerable to injury. When a tendon passes a bony protuberance, compressive force occurs. Throughout particular movements, a tendon will be compressed against a bony protuberance, due to this compression will play an important role in the management of tendinopathies. Reducing a compressive load, will help the tendon to be successfully rehabilitated with a progressive loading state (Cook and Purdam.,2012). Isolation of a tendon rarely involves compressive forces, this is usually a sequence of tensile force with slight compression, the tendon gets put into a vulnerable state (Cook and Purdam.,2012). Tendons are designed to store and release energy but that the same time they compress over a bony fulcrum (Rio., 2019). A shear force occurs when a tendon experiences a repetitive activity, this could be kicking during swimming or pedalling whilst cycling. The repetitive motion occurs as this force is different to a large tensile load as there is not a  large release of energy and a area to store it. The sheath of a tendon and the structures that surround it will be affected by these forces (Wongsithichai and Chang., 2014). An inflammatory response occurs from the shearing force due to the excessive rubbing a tendon does on the bony protuberances (Wongsithichai and Chang., 2014).

When a mechanical load has been applied to a tendon, an acute response occurs which increases the amount of collagen expression and collagen protein synthesis (Miller et al., 2005; Heinemeier et al., 2007). The regulation of the collagen expression will depend on the strain that is put on the fibroblasts. Depending on the amount of strain, a 2-3 fold increase will appear with the collagen formation, peak at 24 hours post exercise but continue to remain elevated up to 70-80hours post exercise (Miller et al., 2005).When a collagen portion expands, an increase response to the exercise appears, however, this may occur initially but it will appear with a larger extent than collagen synthesis (Magnusson, Langberg and Kjaer, 2010). In both collagen synthesis and tendon loading, fibroblasts will continue to synthesise collagen until an optimum level has been reached. 


Table 1 shows a tendon is healing time suggested by Houlglum (2005).
	Table 1
Tendon Healing Timeline

	Phase
	Time
	Activity

	Inflammation
	First 3 days
	Cells which originate from extrinsic peritendinous tissue and from an intrinsic tissue from the epitenon and endotenon are active.

	
	5 days
	Wound gap is filled by phagocytes.

	
	1 week
	Collagen synthesis is initiated, new collagen fibers are placed in a random and disorganized way.

	Proliferation
	10 days
	Collagen synthesis is maximal

	
	3 weeks
	The endotenon provides significant fibroblast proliferation in the injury site. Significant revascularization will occur. The synovial sheath is rebuilt, and a smooth gliding surface develops. Fibroblasts start to become oriented in line with the tendon is axis.

	
	4 weeks
	Fibroblasts predominate in the healing area. Collagen content increase. Collagen are sully oriented with the tendon’s long axis.

	
	35 days
	Collagen synthesis is complete. 

	
	42 days
	Fibroblasts have proliferated from endotenon are the primary cells, simultaneously synthesizing collagen while contributing to collagen resorption.

	Remodeling
	2 months 
	Collagens are mature and realigned along the tendon’s axis.

	
	112 days
	Fibroblasts are reverted to tenocytes, type III collagen has been replaced by type I, and maturation has been complete.

	
	40-50 weeks 
	Strength is 85%-95% of normal.



Tendon disorders are responsible for many general conditions, not only related to sport, they tend to lead to significant pain, disability, loss of productivity and health care cost. A range of injury mechanisms can lead to the tendon rupture or tendinopathy. When a tendon is exposed to overuse conditions or intrinsic tissue degeneration tendinitis or tendinosis will occur. The anatomic location (Achilles vs Rotator Cuff) and the local environment (intrasynovial vs. extrasynovial) will affect the healing potential of a pathologic tendon (Voleti et al., 2012). Although when healing occurs the degrees may vary, however, the general healing to repair a tendon follows the regular course of healing, this includes the early inflammatory phase followed by proliferation and the remodelling phase. In accordance to Beredjiklian (2003) and Houlglum (2005), these are the three main phases. The table above shows a suggestive time frame of the healing process of a  tendon. The inflammation phase, generally lasts for three to seven days. The structures that help to heal during this stage consist of the endotenon, the epitenon, the periosteum of underlying bone and the synovial sheath. The epitenon and endotenon provide macrophage-like cells, along with fibroblasts to begin debridement. Collagen synthesis emerges at a rapid rate and starts to align in the direction of stress, this occurs between the inflammation and proliferation phases. During the first three weeks, a significant revascularisation occurs within the area, this will allow the athlete to start mobilisation of a surgically repaired tendon. Type III collagens and the active fibroblasts would have aligned with the tendon is axis by the fourth week. The type III collagen should be replaced by type I collagen by day 112. A long and thick bundle is formed by type I. A study had reported that type III collagen was made up of 20-30% of the scarred tendon at 14 months (Kolt and Snyder-Machler, 2007) this means that the 112 days suggested by Beredjiklian (2003) and Houlglum (2005) in the table above, is not long enough time for a tendon to fully repair its self. During this phase, fibroblasts would have been reverted to tenocytes and remoulding would have been completed. As an alternative of having a strict healing process associated to a tendon heling, due to the proceeding collagen turn over, pathologies tend to slip into a continuum. 

The reactive tendinopathy will develop when an acute compressive or a tensile load occurs, this is where a tissue has become unaccustomed with a direct blow to the tendon (Garau et al., 2008). This will have a non- inflammatory reaction within the cells and matrix, also a short term adaption is that the tendon will thicken in order for the reduction of stress on the tissue occurs, due to the cross-sectional area expanding it allows the adaptions of compression to take place (Magnusson et al., 2008). During the disrepair stage, a greater break down of extra cellular matrix (ECM) will occur, this stage is sharing a resemblance to the previous stage. An increased in chondrocyte and myofibroblasts cells occurs due to there being an increase in the protein production. The ECM become disorganised, due to collagen fibres separating, this will happen when there is an increase in proteoglycan. Although, during a reactive stage,  physiological properties may be reversible (Danielson et al., 2006). During the degenerative stage, large amounts of heterogeneity of ECM appear in the tendon, in previous stages within in the tendon, degeneration interspersed islands appear. When trauma occurs cell death appears within a tendon, tenocyte exhaustion or apoptosis (Lian.,et al., 2007). When cell death occurs it causes the ECM, the vessel fills and becomes disordered, during this stage the chances of reversibility become reduces, also if overloaded tears or ruptures becomes suspected due to cell deaths within the tendon. 

During the early stages of tendinopathy rehabilitation, isometric exercise that has an appropriate rest is used to treat this (Malliaras et al., 2015). It has been discovered that isometric exercise manages and reduces pain, and at the same time strengthening the muscle. These exercises help to minimise tensile and compressive forces, which causes a small amount of crossbridge to break (Malliaras et al., 2015). A reduction in load will allow the intracellular matrix to continue its regular structure (Cook and Purdam.,  2009). When performing isometric exercise, the rest period should comply with Magnusson et al., (2008) collagen synthesis which turn over occurs from 6, 24, 42 or 48 and 72 h after exercise.

When overloading a tendon, tendon pathologies usually occurs, this can appear in both population of active and inactive.  In order to rehabilitate tendon pathologies, isometric contractions would be the best way, because it helps to reduce pain during the early stages of tendon healing. Once the patient is pain has been managed, a progression to heavy but low resistance, eccentric training can be introduced. This training methods, will need an appropriate rest of 72 hours, this allows the collagen formation to occur. 
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