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Component: 1
COMPONENT WEIGHTING: 25 %
WORD COUNT: 1500 WORDS 
MODULE TUTOR: Daniel Martin 
Coaches will frequently ask you ‘when is the player back fit?’  If you answer this question incorrectly, it can place massive pressures on you as an individual and also have impacts on the player/ team dynamic.   

In this assignment, you are required to demonstrate a complete understanding of how a tissue FAILS and how that tissue HEALS. As rehabilitators, you are required to ensure that the player is return to a functional level of fitness therefore your understanding of how to apply mechanical load to the injured area to encourage positive adaptations is extremely important. Thus, we must engage with the biomechanical, tissue engineering and tissue mechanics literature to understand the effect of mechanical load on tissues. 

You are to select a tissue from the list below:
Bone
Ligament
Tendon
Cartilage (inc Meniscus)
Muscle 

You must report on the anatomy and physiology of the tissue, including how it behaves underload and how the tissue heals.  
This is a pass ALL components module and should your assignment fail on ANY one component of the marks scheme then the default grade of 37 will be granted.   
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Assessment Feedback Sheet

	                Student No./Name: Taliesin Fargeot 1701295	
                                               Module: Rehabilitation	
                                     Module Code: SHSS5063

	Personal Evaluation – to support your academic progress please complete the section below BEFORE submitting your work.

	What do you consider to be the best aspects of this work?
	I consider the best aspects of this work to be my use of current literature in supporting my underpinning knowledge and understanding of the mechanisms of tissue anatomy.

	Which aspects do you consider could have been improved in this piece of work?
	I would like to have included more theories in regarding to why the selected tissue fails and how they can be improved – within the word count provided.

	What have you found most satisfying whilst undertaking this submission?
	The most satisfying part about this assignment has been expanding my current knowledge on the tendon tissue and the different research and tests to find out how the tissue fails under various different loads.

	
ASSESSMENT CRITERIA
	Learning
Outcomes


	GRADE

	
	
	0-30 
	30-39
	40-49
	50-59
	60-69
	70-79
	80-89
	90-100
	
  %

	Introduction
(5%)
	1,2
	None presented or irrelevant content 
	Fails to introduce the topic. May introduce ‘essay’ rather than topic 
	Offers a basic definition of terms 
	Introduces the basic concepts 
	Introduces the basic concepts and sets the scene 
	Sets the academic scene. 
	Sets academic scene in new context 
	Offers new insight 
	

	Tissue Anatomy and Physiology   (15%)
	1,2 
	No tissue anatomy and physiology presented, or factually incorrect with significant errors and omissions  
	Inadequate or incomplete description of tissue anatomy and physiology 
	Details the basic anatomy and physiology but below the level of class material
	Can describe the tissue anatomy and physiology at the level of class material
	Describes the anatomy and physiology with evidence of wider reading outside of class
	Critically analyses the tissue anatomy and physiology   
	Critical analysis of tissue anatomy and physiology with emphasis on contemporary paradigms 
	Critique of current tissue anatomy and physiology of publishable quality 
	

	Tissue Mechanics  (25%)
	1,2
	Omitted or no engagement with appropriate contemporary literature. Factually incorrect. 
	Inadequate or incomplete overview of tissue response to load and failure  
	Describes research that is no longer contemporary/ current. Below level taught in class
	Factually correct without evidence of wider reading beyond class content
	Factually correct narrative without critical thinking
	Critical analysis of current research and evidence base related to mechanical basis for tissue repair and failure 
	Critical analysis of current research including methodological issues 
	Critical analysis of the literature that offers new insight in to current research
	

	Tissue Healing (25%)
	1,2 
	Omitted or no engagement with appropriate contemporary literature. Factually Incorrect. 
	Inadequate or incomplete overview of tissue healing. 
	Describes research that is no longer contemporary/ current. Below level taught in class
	Factually correct without evidence of wider reading beyond class content
	Factually correct narrative without critical thinking
	Critical analysis of current research and evidence base of tissue healing 
	Critical analysis of current research including methodological issues 
	Critical analysis of the literature that offers new insight in to current research
	

	Application to the Rehabilitation Process (15%)
	1,2
	Omitted or no understanding of application to generic tissue rehabilitation
	Inadequate or incomplete application to generic tissue rehabilitation 
	Outdated or historical approaches to rehabilitation presented 
	Basic application to generic tissue rehabilitation. 
	Sound application to the rehabilitation process. Demonstrates good understanding of tissue requirements  
	Good application to rehabilitation process with understanding of time line to stage of healing. 
	[bookmark: _Hlk26478488]Applies tissue healing time frames, stages and biomechanical principles to rehabilitation process.
	Application of healing time frame, stage of healing and biomechanical principles to rehabilitation at a level worthy of publication 
	

	Conclusion (5%)
	1,2 
	None presented or poor summary of findings 
	Incomplete or inadequate 
	Limited due to poor evidence base. Minimal application to practice.
	Drawn on basic evidence base. Limited application to practice 
	Drawn on current evidence with some application to practice 
	Drawn on sound evidence base with some reference to current practice 
	Drawn on sound evidence base, related to current practice 
	Drawn on comprehensive evidence base, informs to current practice 
	

	Academic Writing and Harvard Referencing (10%)
	1,2 
	Does not write in third person. Has not engaged with Harvard Guidelines. 
	Attempt to apply Harvard guidelines and Academic Writing with significant inconsistency, errors and omissions
	Attempt to apply Harvard guidelines and Academic Writing with inconsistency, errors and omissions
	Attempt to apply Harvard guidelines and Academic Writing with some errors and omissions 
	Attempt to apply Harvard guidelines and Academic Writing with minimal errors and omissions
	Basic understanding of Harvard referencing and academic writing
	Consistent application of Harvard guidelines and Academic Writing conventions with minor formatting issues.
	Adheres fully to Harvard guidelines and academic writing conventions
	

	Comments:

	
	Return date:
(at least within 4 weeks)
	Tutor: 
	Mark: 





Assignment Checklist

· Please complete the Personal Evaluation section of the Assessment Feedback sheet, add your name and details, and paste the whole of this assignment document into the front of your assignment

· Submission is a single word file, clearly labelled with your name and module code
· Font style - Times New Roman, size -12 for text and 14 for headings
· Ink colour – black only
· Line spacing – 1.5 line spacing and 2cm- 2.5cm page margins
· Quotations more than three lines to be indented 1 line spacing
· One line space between paragraphs, paragraphs must be left aligned
· Pagination (your assignment should have page numbers) 
· All tables and figures are internally referenced and have a title
· Word count checked and written at end of text (before references and any appendix)
· Assignment is within 10% of the word limit (excluding references and any appendices)
· All references in the text are included in the reference list
· Correct referencing following the Harvard style, as described in the Palgrave study skills book ‘Cite them Right’.
· Correct spelling using UK English
· Correct use of punctuation
· Grammar and syntax correct- double check anything that has a green line under it
· I have read my assignment out loud to myself and it makes sense and is easy to read
· Somebody else has read my work and it makes sense to him or her!
· I have checked and I have not plagiarised 
Failure to follow these guidelines will cost you marks

Introduction 

Tendons are best described as transmitters of force which connect muscle to bone. This transmission is from the corresponding muscles to the skeleton and therefore is a crucial component for human locomotion. Moreover, the non-rigid nature of tendons allows for the storage and return of strain energy during the locomotion (Magnusson et al., 2008). The nature of the tendon tissue also allows the muscle force potential from the force-length-velocity relationship. It is because of this unique relationship the tendon tissues in the body influences walking/running and stability and sporting performance in regard to jumping and sprinting (Magnusson et al., 2008; Kjaer et al., 2009).  However, tendons are sensitive to their mechanical environment, a prolonged period of enhanced mechanical load can influence tendon stiffness (Legerlotz et al., 2011).

Tissue Anatomy and Physiology 

Tendons are made of primarily type I collagen fibres which are structured in a parallel alignment. Tendons possess both solid and fluid like characteristics meaning they have viscoelastic properties (Bohm et al., 2014). Tendons also exhibit changes to the stress-strain relationship in respect to the rate of which they are loaded. Furthermore, tendons are composed of minor collagens as well as type I. This includes the likes of type III and immature fibrillar collagen which can mature into the type I and type x collagen -a short chain collaged which is expressed by hypertrophic chondrocytes amid endochondral ossification (Galloway, Lalley and Shearn, 2013; (Asundi and Rempel, 2007). 
Triple helix type I collagen molecules pack together to form microfibrils. These microfibrils are often described as five collagen molecules which are stacked together in a quarter stagger-array (Fig. 1) (Magnusson, Langberg and Kjaer, 2010). Adjoining Microfibrils intertwine, allowing an order best described as a 'twisted lattice' which then forms the next structure which is termed a 'fibril'. The next structure-level, the fibrils close pack into a larger structure to for 'fibres'. The fibres then combine to form fascicles. Finally, the fascicles are bound together through a fascicular membrane which then forms the tendon (Farris, Trewartha and McGuigan, 2011; Killian et al., 2012).
Given this very organised nature in the hierarchical collagen structure, tendons can tolerate high tensile strength. This allows for the profitable transmission of large loads as a result of the local cell population to be able to adapt to the changes in the loading conditions (Boyer, Goldfarb and Gelberman, 2005; Bohm, Mersmann and Arampatzis, 2015). Thus, further contributing to the structure and biomechanical properties of tendons are glycoproteins and proteoglycans (Kawakami et al., 2002). These two will regulate the process of the collagen fibrillogenesis and control the diameter of the fibrils throughout the tendon development and homeostasis (Saxena and Granot, 2011; Legerlotz et al., 2011). 
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Figure 1. The organisation of the tendon in its hierarchical nature from Killian (2012).


Tissue Mechanics 

Tendons are described as the springs of the human body. Their elastic properties allow for energy storage during human movement and thus are vital in athletic performance. Their spring like nature allows for the transfer of force efficiently to bone with minimal energy loss through transmission (Magnusson, Langberg and Kjaer, 2010; Killian et al., 2012). However, the tendon's response to load is variable to the structure, shape and size. The mechanical properties of tendon tissues are expressed as tensile stress and strain (Legerlotz et al., 2011). Strain is described as the amount the tendon can stretch under load when compared to its unloaded length (Bohm et al., 2014). Tensile stress can be calculated by the division of the total tensile load by the cross-sectional area. This results in the thinnest area of the tendon receiving the most stress (Galloway, Lalley and Shearn, 2013).
The relationship between tensile stress and strain is best known as 'the stress strain curve' (Fig. 2).  In normal tendon function, the initial load which is absorbed is seen as the 'toe' region of the curve. The curves linear portion usually occurs between 2% and 4% of strain, this slope will show the stiffness of the tendon, this is the physiological range of a tendon is between these two regions (Kjaer et al., 2009; Magnusson et al., 2008). 
Pathological load upon tendons are seen to start at around the 4% strain which is the point of collagen failure. The crosslinks are the first to break down and eventually the fibres, fascicles and fibrils will also start to rupture (Bohm, Mersmann and Arampatzis, 2015). These ruptures are seen on the stress strain curve when the curve starts to plateau, the tendon goes into complete failure at the 8-10% strain seen on the stress strain curve when there is a steep drop off (Magnusson, Langberg and Kjaer, 2010).
[bookmark: _GoBack]Tendons tend to react differently depending upon the amount and the speed of the rate of the load which is being applied to the tissue. Tendons will have high extensibility at lower tensile loads, but at higher tensile loads the extensibility of the tendon is reduced (Bohm et al., 2014; Kjaer et al., 2009). In addition, faster load application will result in greater tendon stiffness and the ability to tolerate load. The larger the tendon is, the greater the load it can withstand and the longer the tendon is in length then the greater the elongation is before its rupture.  
Every tendon is viscoelastic by nature, creep and stress relaxation are both viscoelastic and time dependent natures of normal tendon behaviour. Stress relaxation is described as the decrease in force, which is needed to maintain the tendons length, this factor is especially important in athletic activity when constant, repetitive loads are being applied (Farris, Trewartha and McGuigan, 2011). The progressive lengthening of a tendon under a constant load is known as ‘creep’. Loading of the tendon tissue in a cyclic nature can cause this creep to occur – this can then lead on to failure of parts of the tendon, this is usually seen at the lower loads (Magnusson et al., 2008). These responses from the tendon will depend on the biomechanical history and the current condition of the tendon (Magnusson, Langberg and Kjaer, 2010). 
Tensile loads are resisted by the tendon tissue very efficiently but only to a certain extent. The limit of the tendon under tensile load is determined by the shape and size of the tendon tissue, pathologies will also affect the efficiency of the tendon to handle the load (Killian et al., 2012; Kawakami et al., 2002). 
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Figure 2. Stress strain curve of tendon tissue from Waterston, Maffulli and Ewen, (1997)

Tissue Healing 

Damage to tendons can be the result of acute (sports injury or laceration) or chronic impairment (overuse injury). The capacity of the tendon to heal will vary on the duration, magnitude and location of injury (Groth, 2005; Bohm et al., 2014). Repair of short intracapsular tendons such as the tendons in the rotator cuff will often rely on tendon to bone integration. Whereas the longer, sheathed tendons (e.g. flexor tendons) will depend mainly on the prevention of tendon gliding (tendons reaching their greatest amount of movement) (Galloway, Lalley and Shearn, 2013; Magnusson et al., 2008).
However, tendon healing follows a typical wound healing protocol. The inflammatory stage will start a response to the injury usually throughout the first week. This process allows for the development of a fibrin clot which stabilises the site. This process allows homeostasis, migration of neutrophils, macrophages and erythrocytes (Magnusson, Langberg and Kjaer, 2010). Homeostasis will initiate a matrix producing fibroblasts which are localised to the site which will begin to synthesise with collagen and other extracellular matrix proteins. This process will last approximately one to four weeks following tendon injury (Stasinopoulos and Stasinopoulos, 2017; Asundi and Rempel, 2007).
During the proliferation phase there is substantial cellular and matrix production, the collagen which has been produced and laid down here is highly disorganised. The remodelling stage follows, and maturation begins (Boyer, Goldfarb and Gelberman, 2005; Bohm et al., 2014). This final stage usually beings at around the fourth week following injury and will continue until the tissue is repaired via scar formation. The extracellular matrix will be remodelled which creates a more organised structure through a collagen turnover, realignment and formation of cross links (Saxena and Granot, 2011; Kjaer et al., 2009).
Type III collagen is replaced by type I collagen post injury at variable points in time, thus, causing the tendon to become stiff but stronger as the type I collagen matures with time. In similar studies from Kjaer (2009) and Magnusson (2008) showed that type III collagen compromised up to 30% of scarred tendon tissue and the scarring was still apparent fourteen months post injury. The actual time frame for the maturation phase and repair is unknown in literature, meaning the physical application to clinical practice is near impossible (Magnusson, Langberg and Kjaer, 2010). 





Application to the Rehabilitation Process 

The major goals of tendon rehabilitation are to avoid interfering the healing process within the first three days to protect the joint. Post three days, mobilising the joint is widely accepted as it will prevent atrophy from disuse occurring (Groth, 2005). 
Early motion will accelerate the tendon repair process which results with a superior tissue quality. Isometric strength exercises have been found to be one of the most affective early rehab programme exercises as it reduces pain (Stasinopoulos and Stasinopoulos, 2017). This has been found to work by increasing the strength at the angle of contraction and not creating inflammatory signs (Kawakami et al., 2002). 
Eccentric exercises which are performed at a low, controlled speed allows for tissue healing, the same exercise will also aid the reduction in pain and improve the functional aspects of the patient (Magnusson et al., 2008).
 Eccentric strengthening programs follow, which have been utilised as effective treatments for tendon overuse injuries. Eccentric training can also be a valuable programme for preventing reinjury (Legerlotz et al., 2011). Exercise which involves high tendon strain have been found more beneficial than those which produce lower tendon strains in activating an adaptation (Bohm, Mersmann and Arampatzis, 2015). 

Conclusion 

Literature states that although tendon rehabilitation schemes are affective in return to play and reducing pain. Tendons are very unlikely to return to their former state. Some literature argues that repaired tendons will only return to 70-80% of their original strength (Magnusson, Langberg and Kjaer, 2010). The future of tendon repair may lay in the exploration in the factors in the tissue’s response to injury. This could include deeper insights into control systems, and chemical signals in the maturation and collagen stimulation. 

Word Count: 1,465
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Figure 1 The organization of tendon is hiecarchical in nature,
from the molecular (e, collagen molecule) 1o the issue scales
Adapted with permission from: Kastelic J, Galeski A, Baer E. The
multicomposite structue of tendon. Connect Tissue Res 19786
2

collagens (g, type 11, type XID), clasin, and cellular
These minor compositional constituents
are important in the development of the tissue. For
example, type V collagen and the protcoglycans biglycan
and_decorin regulate fbril diameter during collagen
fbrillogenesis.'> >
The attachment of tendon to bone i of major concern in
many repair scenarios. including rotator cufftears. Owing to
the large difference in mechanical properties between
tendon and bone, > large siress concentrations will arise
at the attachment point of these two materials and the
connection will be atrisk for failure. The natural (uninjured)
tendon insertion sit (the “enthesis”) overcomes this chal-
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order of days)is followed by a proliferative phase (lasting on
the order of weeks), which in tur s followed by a remod-
eling phase (lasting on the order of months). The inflam-
matory phase is characterized by increased vascular
permeability and an influx of local inflammatory cells,
including platelets, macrophages. monocytes, and neutro-
phils that release chemotactic agents to recruit blood vessels,
fbroblasts, and intrinsic tenocyes. In the proliferative phase
of healing, fibroblasts at the injury site multiply and begin
producing collagen. During the remodeling phase. cellu-
larity decreases and collagen is crosslinked and oriented
parallel (0 the direction of muscle force.

Tendon healing depends on the contributions of multiple
cell sources, which may include fibroblasts from the
endotendon and epitendon. inflammatory cells from the
vasculature, ' cells from the synovial sheath,'* and
‘mesenchymal stem cells,'** which may migrate to the area
of tendon injury or proliferate from within the tendon. The
contribution of each cell type to the repair depends on the
anatomy and physiology of the particular tendon. For
‘example, healing of flexor tendon injuries begins with
angiogenesis and epitenon fibroblast migration to_the
wound site. 4% Cells from the intrasynovial sheath inil-
trate to the repair site, leading to adhesions between the
sheath and the tendon surface, which impairs tendon
gliding and thus decreases digital range of motion. “*** In
the rotator cuff, however,injuries typically require repair of
tendon to bone. In this case, abundant ibroblasts from the
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